Moving toward sustainable energy transition in building sector Challenges in energy efficient  housing in Denmark, study cases of Stenløse, Taastrup and Horsens by Boor Boor, Marjan & Dao Thi Thu Huong, Diu
  
 
 
1 
 
 
 
 
 
Moving toward sustainable energy transition in building sector 
Challenges in energy efficient  
housing in Denmark, study cases of Stenløse, Taastrup and Horsens 
 
 
Department of Environmental, Social and Spatial Change 
Fall 2012 
 
 
by: Marjan Boor Boor, Dao Thi Thu Huong Diu 
Main supervisor: Richard Schalburg 
Second supervisor: Paul Thorn 
 
 
 
 
 
 
 
 
  
 
 
2 
Abstract 
 
Moving toward the sustainable energy transition within the building sector will require a 
transformation in the existing building regime, in which new energy efficient technologies are widely 
distributed with actual energy consumption reduction in housing. This project is conducted with the 
target to contribute to this transition.  
By choosing three different study cases of energy efficient houses in Stenløse, Tasstrup and Horsens, 
the project seeks for challenges, which hinder the development of the low energy houses. The 
investigation reveals that different challenges in terms of technical problems such as overheated 
indoor climate in the summer time, heating problem in the winter as well as poor indoor air quality 
problem have been experienced. On the other hand, the inhabitants’ behavior is found unsustainable 
leading to increase in energy consumption. Suggested solutions for these challenges will be based on 
collected data and good experiences learned in the study cases.  
Under the circumstance that policies’ incentives have limitation on diffusing the energy efficient 
technologies, urban planning has emerged as an effective tool for the energy efficient technology 
promotion. The project will unfold roles of urban planner and discuss how these roles can be 
strengthened to contribute to the energy transition process. 
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Chapter 1 
1. Introduction 
According to the Energy Watch Group, the world oil production has been at peak level. In the 
coming years, a decrease in the world’s oil production is going to be experienced. Meanwhile peak 
coal is going to happen around 2020 [1]. The limitation of the conventional resources such as coal, 
oil and serious impacts on the environment from utilization of these resources have urged the 
European community to come up with solutions to satisfy their energy need and at the same time 
curb the environmental issue. Under these circumstances, the EU low carbon roadmap 2050 has been 
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established aiming to reduce the climate change to below 2 degrees; by 2050 the reduction of 
greenhouse gas emission should be 80 to 95 percent in comparison to the 1990 levels [2]. 
Sharing the EU’s objective, the Danish Commission on Climate Change Policy realized that 
transition to a fossil fuel independent society is a real possibility [3]. This realization paid the way 
for the establishment of the Danish Energy Strategy 2050 issued in February 2011. Following the 
Strategy, the Danish energy sector commits to be independent from fossil fuels in 2050 [3]. 
Accordingly, an energy transition with two important key factors of energy saving and increased 
proportion of renewable energy is necessary for the Danish energy sector to reach the goal[3].  
In Denmark, the building sector is known to be one of the most energy-consuming sectors. In 2004, 
energy consumption in household occupied 28 percent ranking the second after the transport sector 
of 34 percent [4]. As the result, the building sector presents a huge potential for energy saving. 
To move forward the energy transition in the building sector, new energy efficient technologies have 
to be disseminated and implemented widely in the existing building regime [5]. This means that 
construction of low energy efficient buildings has to happen in a big scale. 
 
In Denmark, even though there have been various incentives and policies to promote energy 
efficiency in the building sector, the government has not been successful in facilitating a wider 
distribution of the low energy houses, there is a gap seemingly existing between the government’s 
policy vision and its implementation [6].  Under the circumstances, the urban planning has emerged 
as an effective tool to promote the energy efficient technologies in the mainstream building sector 
leading to wider implementation of the low energy houses within the country [6].  By utilizing the 
socio-technical system theory, the project is going to investigate how the urban planning has 
influenced different stakeholders in the socio-technical system of the building sector in order to 
achieve successful implementation of the low energy dwellings. Based on that, a discussion of how 
roles of urban planners can be strengthened to support the diffusion of the low energy houses within 
the country will be brought forward. 
  
Deviating from that, in order for the low energy houses to be widely distributed, the quality of the 
houses has to be ensured to gain trust from customers who want to invest in the low energy houses. 
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Yet, our investigation showed that problems such as indoor climate (the houses get overheated in the 
summer and cold in the winter), poor indoor air quality etc. have still remained in the low energy 
houses. The project, therefore, also focuses on these issues to find out solutions to facilitate the 
improvement of low energy houses.   
  
At the present, the low energy houses’ requirements place emphasis on the energy reduction of heat 
while energy consumption for domestic appliances is not compassed. Moving forward a path of CO2 
reduction will require reduction of the total energy consumption of the houses. In the energy neutral 
houses, the reduction of the total electricity consumption plays an important role in developing 
energy saving and renewable energy production. In this project we investigate the status of the 
current energy neutral buildings in Denmark, and main elements that can influence their energy 
performances, and then the result will be discussed.  
  
The diffusion of the low energy houses alone would not contribute positively to the energy transition 
process without the actual energy consumption reduction of the houses. Studies showed that, in the 
low energy houses, behavior of inhabitants such as heating set point and window opening behavior 
can lead to unintended increase of energy consumption for heating making the house consume more 
energy than expected. These behaviors have been identified within our studied cases.  The 
interrelationship between the inhabitants’ behavior and energy consumption in the low energy 
buildings is going to be discussed so as to suggest method of how the behavior should be regulated 
to contribute to the energy saving target. 
 
 1.1 Problem formulation  
What are the current social and technical challenges facing the development of low energy houses in 
Denmark, that hinder the energy transition from moving toward sustainability? (Study cases of 
Stenløse, Taastrup and Horsens) 
 
1.2 Research questions 
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1. What are low energy houses? What are the expected economical and environmental benefits of the 
low energy houses?   
 
2. What are the current regulations concerning low energy houses and what are their shortcomings? 
 
3. What are the technical problems of the low energy dwellings in Stenløse South? How can these 
problems be addressed? 
 
4. How has behavior of inhabitants led to unintended energy consumption in low energy buildings 
and what method should be used in order to regulate the behavior? 
 
5.  What challenges prevent the Energy Flex houses becoming energy neutral buildings 
 
6. How has the planning of low energy houses in Stenløse municipality influenced the existing 
building regime in Denmark? What should be done to strengthen the role of the urban planners in the 
energy transition process? 
 
1.3 Definition of  concepts 
In this project, we are going to make use of several concepts, whose meanings and definitions will be 
put forward in order to provide comprehensive understanding for the readers. 
  
1.3.1 Energy transition 
There are four key areas of action in energy transition process, which are: energy consumption, 
energy generation, energy storage and energy transmission [7].  
 
Regarding energy consumption, it is argued that the energy transition cannot be achieved without a 
drastic reduction of energy in all sectors such as building, industry etc. In term of energy generation, 
ensuring energy supply security with mix of renewable energy sources is an important element. 
Besides that, energy transition requires better energy storage facility to balance out the fluctuating 
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supply from renewable energy sources. Last but not least, the energy transmission requires intelligent 
networks for intelligent interaction of central and decentralized energy generation (for example smart 
grids to balance generation and consumption)[7]. 
 
In this project, we place our focus on the first two areas and argue that the reduction of energy 
consumption and the increase of renewable energy proportion in the energy generation are crucial to 
move toward the energy transition.  
 
 
1.3.2. Sustainability of energy transition 
From our perspective, the energy transition in the Danish building sector can be sustainable when: 
Firstly, energy efficient technologies are widely distributed leading to large-scale construction of low 
energy houses. Secondly, the development of low energy houses has to be accompanied by actual 
energy consumption reduction within the houses.  
When the energy transition within the sector is sustainable, it can contribute to the EU’s CO2 
reduction target and moving toward direction of fossil fuel independence set in the Danish energy. 
  
 
2. Methodology 
2.1 Data collection 
The project is going to utilize both quantitative and qualitative data. Primary data will be sourced 
from qualitative data. The data is in form of researches and studies in the field of the Danish energy 
efficient buildings from various authors. Regulations and directives related to the low energy 
buildings from the Danish government, official reports from several organizations involved in the 
Danish building sector such as Danish Construction Sector, Danish Building Research Institute, 
Green building council Denmark, EU directives and standard guideline are also a part of our 
qualitative data. Apart from that, small volume of the quantitative data is used in accordance with the 
segment about economic and environmental benefits of the low energy houses. 
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In order to expand our understanding of the three studied cases, three different interviews and one 
survey were conducted. The first interview was a phone interview with Mrs  Lene Krogh, who is the 
planner of the future building in Horsens municipality. It was a semi-structured interview with 
advanced prepared questionnaire, which designed opened to get interpretation and opinion from the 
planner. This interview was first intended to be a personal (direct) interview. However, due to the 
planner’s health condition, it was postponed several days after and conducted through the phone.  
After the phone interview with the planner, we decided that, more information of the case needed 
exploring leading us to make the second interview with her. This time the interview was done 
through an email. The interview was also designed in a form of semi-structured interview. 
 
The third and fourth interviews are with Mr Mikael Grimmig and Mr Anders Høj Christensen, who 
both are, in charge of dealing with energy efficiency and ventilation in the Energy Flex House in 
Taastrup. These interviews were conducted through emails and with almost  the same provided 
questionnaire concerning about the technical issues of the houses. Even though, there were some 
similarities in their replies, they mentioned different aspects of the same problem in their answers.  
 
Besides the interviews, a survey was conducted directly to 12 households in Stenløse South. With the 
survey a more structured questionnaire is formulated to get concrete information from the 
inhabitants. (The questionnaires and answers can be found in appendix) 
  
2.2. Aware of the interviewees’ bias attitude 
 When conducting interviews with the chosen actors, we always kept in mind that the interviewees 
are not neutral actors. They are working and responsible for the cases that we are studying. In 
consequence, they might have bias opinions to toward the cases. This trap is recognized and is taken 
into consideration when using the interview data collection in the project. The interviewee's answer 
is utilized based on our reflection with multi-researches and studies. 
  
2.3 Validity of the survey’s responses 
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Another question regarding the validity of the responses is that whether the answers of the 
correspondents in the survey can be trusted? In this project, it is beyond our scope to go further into 
the discussion of the issue. However, researches showed that if certain aspects in the survey are 
considered in the formulation of questions and in the construction of the questionnaire, it is likely 
that the respondents will answer truthfully to the questions [8]. Accordingly the survey’s 
questionnaire was designed to avoid complexity, which might cause the respondents’ confusion 
leading to wrong answers.  
 
 
2.4 Limitation 
In order to achieve the energy saving target within the Danish building sector, both issues like 
constructing new energy efficient buildings and innovating existing buildings have to be taken into 
consideration.  However in this project, due to limited time, we place our emphasis on the 
development of new energy buildings.  
 
2.5 Project design 
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Figure 1: Project design 
 
3. Theory 
In this section, first of all we are going to present an overall understanding of the socio-technical 
system. After that a presentation of  different components, which have influence in the system  and 
transform the system to a new socio-technical system will be discussed. The section end with 
application of the theory in the project. 
 
3.1. Socio- technical system theory 
The project is going to make use of the socio-technical system theory presented in the work of Frank 
W. Geels, “From sectorial systems of innovation to socio-technical systems- Insights about dynamics 
and change from sociology and institutional theory” published in 2004. Besides that, a work from 
Kurt et.al 2010 namely”Sustainable Transition of socio-technical systems in a governance 
perspective” is used as supplementary document to support our understanding of the theory and 
dynamics of change of the system.  
 
In modern societies, production and consumption can be perceived as being organized in several 
socio -technical systems that fulfill social functions and needs. There exist various socio-technical 
systems such as the production and consumption system of food, of construction and housing, of heat 
and power etc. [9]. 
The socio-technical system implies that technologies are socially embedded in social networks and 
shared cognitively: 
”Technologies are not just technical elements but, functioning in society, they involve linkages 
between heterogeneous elements combining such components as physical artifacts, manufacturing 
firms, scientific knowledge, institutions, users, etc.” [9] 
Thus the development of technologies is ascribed as processes of reconfiguration of technology, 
actors, network and institution (Kurt et.al, 2010: 93)[9]. Departing from this view, an individual 
socio-technical system is understood as specific configuration of elements such as technologies, 
regulations, infrastructure, supplying networks, maintaining networks, user practices, market and 
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culture meaning [10]. These elements are integrated into a seamless web creating the social-technical 
system [11].    
Regarding the dynamics of the socio-technical system, the development of technology is occurring 
within systems of existing technologies and cognitive and institutional structures which frame 
technological development. Once an individual socio-technical system is formed and has gained 
momentum, development of technology becomes path dependent and attempts towards a more 
radical shift are resisted. The reason is that, once the system is established, production of a specific 
component within the system has gained the lead over alternative components; the declining cost of 
mass production will give a competitive advantage [11].  On the other hand, the system nature of 
production means that many sub-components within the system depend on each other; changing one 
component requires changes in a host of other components. As a result, changes in an already formed 
socio- technical system are costly and therefore resisted (Geels, 2004: 900)[10]. Stability of the 
system are reliant on systematic linkages of institutions (with different rules and norms) and actor 
networks (firms, companies...) that create path dependence of technology development [12] 
 
 Because of path dependency and stability, it is not easy to create radical innovations within the 
systems [13]. The transition of the system therefore involves interaction between three important 
components:  landscapes, socio-technical regimes and technological niches. Among these three 
components, technological niches are seen as the locus of radical innovations [13]. 
  
 Niches 
 Niches are local domains, where new elements of technologies, new actors, practices, institutional 
arrangements emerge [14].  Niches have different forms, they can have the form of small market 
niches with particular selection criteria; they can have the form of technological niches as 
experimental projects involving different actors of users, producers, authority etc. Innovations in 
niches are often motivated by problem existing in the dominant regime, and niche actors hope their 
successful innovation be utilized in the regime and eventually replace it. 
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Niches are important for the socio-technical system transition, because they act as incubation rooms 
for radical innovation providing location for learning processes of technical specification, user 
preferences, public policies, and symbolic meanings [13]. Niches may be protected from normal 
markets and often, as places for technology development, they deviate from some of the rules in 
dominant regimes [14]. Within niches, a social network can be built supporting innovations. The 
social network can be interrelationship between stakeholders in the supply chains as well as users 
and producers. Rules and social network in niches may become stabilized if technical innovation 
development becomes successful. 
  
Socio-technical regimes 
Socio-technical regimes can be defined as “a semi-coherent of rules”, which is implemented by 
different social actors [15]. A socio-technical regime provides orientation and coordination for social 
actor activities, thus retaining stability of the socio-technical systems.   
Unlike niches, rules and relationships among actors and institutions within regimes are more stable 
and have more structuring effects. As long as regimes are stable and aligned, innovation finds a hard 
way to emerge into the regime and remains stuck in niches. However, if there is tension and 
mismatches within the regimes, there is a chance for innovation in niches to break through and they 
can even eventually transform the regime [16]. 
  
The socio- technical landscape 
  
The socio technical landscape includes “material infrastructure, the macro economy, political 
culture and coalitions, social values, belief systems and paradigms demography and nature” [17].  
According to Geels, landscapes have even stronger orientation and structuration of activities than 
regimes. Social actors cannot directly influence landscapes and they cannot be changed at will [18]. 
Changes in the landscapes can put pressure on existing regimes and may create windows of new 
opportunities[17] 
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The figure below illustrates the dynamics of transition of the socio-technical systems with 
interactions of the three different components: landscapes, socio technical regime and technical 
niches.  
  
 
Figure 2 : A dynamic multi-level perspective on system innovations [19] 
  
Conceived from the above knowledge, the change of the socio-technical regime can be related to 
both changes in the landscape, tensions within the regimes and development of niches.  A 
breakthrough of innovation niches into the existing regime and/or pressure from landscape can have 
influence on the transition of the existing regime to a new regime. The transformation can lead to a 
change of the socio-technical system 
 
3.2. Application of the theory 
 
The theory provides an overview of  a socio-technical system and its dynamic of change by different 
components:  niches, regimes, landscapes. Utilizing the theory enables the project to have an 
adequate understanding of a certain socio-technical system’s transformation and different 
components contributing to the transformation process. In this project, the theory acts like guidance 
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for unfolding the planning process of the low energy dwelling area in Stenløse South and see how 
the process has contributed to transform the existing building regime in Denmark.  
 
In addition, the theory shows that technologies are not just technical element but also socially 
embedded. Hence, it is necessary to note that the energy transition process within the building sector 
will not only involved technological improvement but also requires refiguration of different social 
actors, networks and institutions. Understanding this point of view helps us to be aware of different 
elements during our investigation. Elements such as technical issues (technologies), government's 
regulations (institutions), inhabitants’ behaviour (actors) are included in the investigation for  
analysis of how these elements can be improved to support the diffusion of the energy efficient 
technologies and thereby the energy transition process. 
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Chapter 2 
2.  Background information of low energy houses and their benefits 
2.1 Background information of low energy houses 
From the green way of thinking point of view, the current energy performance of conventional 
building is very poor due to the low thermal insulation value which gives rise to a high portion of 
energy lost in these kinds of building envelopes [20] 
In order to deal with the environmental and energy shortage challenges, a new generation of 
buildings has been developed in different countries. In general, low energy building is designed and 
constructed in a way where it is expected to use less energy consumption compared with new 
conventional buildings. Part of its energy usage has to be produced by renewable energy resources. 
They are assumed to meet higher standards in terms of better insulation, more efficient windows, a 
better air quality and ventilation and less harmful emissions from construction material, energy 
efficient appliances and lighting devices.  
 
In this project, we are going to work with 2 types of energy efficient houses, which are low energy 
houses and energy neutral buildings. 
 
2.1.1 The energy neutral building 
Energy neutral building produce the same amount of  energy which its inhabitants consume for 
different purposes such as ventilation, heating, lighting, cooking, IT, etc. The overall annual 
consumption of the building is 0 kw. The idea of this house is to make individual houses energy 
independent. Therefore it can be seen as an important element to ensure the goal of energy supply 
security in the future.  
  
2.1.2 The low energy houses in Denmark 
Two different types of low energy buildings are defined in the national building regulation BR08 
issued by the Danish Enterprise and Construction Authority in 2006 (based on the EU-directive on 
EPBD (2002/91/EC).  According to the building regulation conventional residential building 
  
 
 
23 
minimum requirement for energy consumption is 70 + 2200/A kWh/m² per year (A is the heated 
gross floor area) [21] 
There are two types of low energy houses in Denmark [22]: 
 
Class 1. In this class, the energy consumption is intended to be 50% less than minimum requirement 
new conventional buildings stated in BR08[3]. Renewable energy must be applied in these buildings, 
as a source of energy, in order to reduce fossil fuel consumption.  The energy class 1 will become 
obligatory in 2015 [21]. 
 
Class 2 is expected to have a 75% better energy performance compared with the minimum energy 
requirement of new buildings, stated in BR08 [22]. This level of energy reduction will be obligatory 
in 2020 [21]. 
 
Denmark along with the other Nordic countries also have the Swan labeling for the eco-product 
including buildings. Low energy buildings including class 1 and class 2 that follow the specific 
criteria regarding health and energy consumption are awarded with the Swan label. These criteria 
such as the quality of the indoor climate and usage of environmentally friendly construction material 
with limited unhealthy emissions have to be approved by independent inspection [21].  
 
 2.2 Economic and environmental benefits of low energy houses 
 Compared to the conventional buildings, construction costs of low energy buildings is higher since 
there are special requirements in term of materials and technical solutions used for low energy 
construction. However, energy saving during the houses’ operational life will reduce the total cost of 
the dwellings and make them more economically beneficial than the conventional ones. The 
following tables illustrate paying back time of low energy townhouses and family houses with 2 
different levels of energy saving in the Stenløse South. 
The first table is the paying back time for low energy building with 35% of energy saving in 
accordance with extra investment and saving cost per square meter.  
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Table 1: Paying back time of the low energy townhouse and family house with energy reduction of 
35%.  
 
Sourced from: [23] 
  
Based on the extra cost and benefits gain from energy saving per square meter the paying back time 
of the townhouse is 14,3 years while the family house is 14,8 years. 
With the energy saving of 70% (almost equivalent to the low energy requirement for 2020- level of 
passive house), the paying back time of the townhouse and family house are 18 and 16,7 years 
respectively. 
  
Table 2: Paying back time of the low energy townhouse and family house with energy reduction of 
70% 
 
  Sourced from [23] 
  
If we assume that a low energy building with an area of 150 square meters, which has a lifespan of 
about 50 years, the economic benefits of the low energy house in comparison with conventional 
building can be calculated as follow (the calculation excludes the factors of energy price changes and 
maintenance costs of the building) 
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Table 3: Economic benefits of the low energy townhouse and family house of 150 m2 during 50 years 
of their lifespan at saving levels of 35% and 70%  
  
Types of 
dwelling (150 
m2) (50 years 
lifespan) 
Saving kr/m2 Paying back 
time/year 
Beneficial 
time/year 
Economic 
benefits/kr1 
Townhouse 
(35%) 
21,29 14,3 35,7 114.007 
Family house 
(35%) 
22,48 14,8 35,2 118.694 
Townhouse 
(70%) 
43,36 18 32 208.128 
Family house 
(70%) 
47,81 16,7 33,3 238.810 
 
The table shows that, comparing to conventional houses with same size and same lifespan, the 
townhouse and the family house at reduction levels of 35 percent have potential of saving 114.007 
kroner and 118.694 koner respectively during their  50 year lifetimes. In case of the townhouse and 
the family house at reduction level of 70 percent, the savings are 208.128 kroner for the townhouse 
and 238.810 for the family house.  
 
Besides economic benefits, low energy houses also contribute positively to curb climate changes by 
reduction of CO2 resulted from its energy consumption reduction. As we know that, 1 kWh of 
electricity produced from natural gas emits 0.18 kg of CO2,1 kWh of electricity produced from coal 
                                                      
1 Economic benefits/kr = (saving kr/m2 x 50) x beneficial time/year  
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emits 0.33 kg of CO2 [24]. Based on this information and the information of saving costs per square 
meter of the two different low energy dwellings , which have energy savings at 35% and 70%, it is 
possible to make a calculation of annual CO2 reduction of the Stenløse’s townhouse and family 
house of 150 m2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
27 
Table 4: Annual CO2 reduction of the townhouse and family house of 150 m2 at saving levels of 
35% and 70% 
Types of 
dwelling (150 
m2) 
Saving 
cost/m2/per 
year 
Saving 
kWh/m2/year
2 
(Price for 1 
kWh is about 
2kr) 
CO2 
reduction/kg/
year3 
(if the energy 
comes from 
coal) 
  
CO2 
reduction/kg/
year 4  (if the 
energy comes 
from natural 
gas) 
Town house 
(35%) 
21,29 10,6 525 (10,6 x 
150 x 0,33) 
286 
Family house 
(35%) 
22,48 11,24 556 303 
Townhouse 
(70%) 
43,36 21,68 1.073 585 
Family house 
(70%) 
47,81 23,90 1.183 645 
 
According to the table, the amount of annual CO2 reduction of the 150 m2 town house and family 
house (with 30 percent energy saving) are 525 kg and 556 kg respectively if the energy source comes 
                                                      
2 Saving kWh/m2/year = Saving cost/m2/per year divided to Price of 1 kWh (2 kr) 
3 CO2 reduction/kg/year (if the energy comes from coal) = Saving kWh/m2/year x 150 (size of the 
house) x 0,33 ( amount of CO2 emission for producing 1 kWh from coal) 
4 CO2 reduction/kg/year (if the energy comes from natural gas) = Saving kWh/m2/year x 150 (size of 
the house) x 0,18 ( amount of CO2 emission for producing 1 kWh from gas) 
4 
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from coal. If the energy source comes from natural oil the annual CO2 reduction is then at 286 and 
303 kg.  
The result of the annual CO2 reduction for the 150 m2 townhouse and family house at the 70 
percents reduction level are 1.073 kg and 1.183 kg if the energy source comes from coal. If the 
energy source comes from natural oil the reduction is then at 585 kg for the townhouse and 645 kg 
for the family house annually.  
 
Besides reduction of CO2, low energy houses are claimed to have better indoor air climate resulting 
in better health condition for inhabitants. There are also some requirements in term of material used 
in low energy houses such as no use of polyvinyl chloride (PVC) and impregnated wood (no 
chemical involved) , which result in reduction of harmful material use and therefore have less impact 
on the environment.  
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Chapter 3  
3. Policies, planning and regulations in the building sector 
There are three important elements in the green building planning and regulations in Denmark and 
these are parts of multi governance system. 
1. Direct regulation-EU, which is related to the energy efficiency directives (EU directives, The 
Danish Building regulation directives) 
2. Activities in the building sector (Green building council Denmark) 
3. Labeling of houses (The Swan eco-label system) [25]  
 
3.1. EU directives, EPBD and their background  
Many energy efficiency activities in the European member state countries have been inspired by 
these directives and many new definitions and requirements in the building sector have been formed 
after establishment of the first directive (2002).[26] 
 
3.1.1. EPBD Directive 2002 and its background 
The first EU directive (EPBD Directive 2002/91/EC of the EU parliament and the council)  was 
established on 16 December 2002, on the energy performance of buildings, inspired by Kyoto 
Protocol goal (to maintain the global temperature rise below 2 °C and minimum reduction of the 
overall greenhouse emission by 20% compare 1990 level in 2020 to the (UNFCCC) “United Nations 
Framework Convention on Climate Change “.  At the time buildings were considered to have 40% of 
the share of total energy consumption in the union and also there was an ascending energy demand 
due to the expansion in the sector and consequently, there was a bound to increase of CO2 emission 
since the energy demand was mainly supplied by fossil fuel. 
The major aim of this directive was the demand management and assurance of the union's energy 
security and at the same time complying to the Kyoto protocol and reduction of the CO2 emission, 
by increasing the energy efficiency in this sector and applying renewable energy sources [26]  
 
3.1.2. Directive on the energy performance of buildings 2010 and its background 
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This directive of the EU parliament and the council ( 2010/31/EU) was adopted in 19 May 2010 
considering the result of the implementation of  2002/91/EC in the member countries and the detail 
impact evaluation and recommendation offered by European commission in 2008 and essential 
correction and clarification was carried to improve the previous version.[26]  
 
3.1.3. Directive on the energy performance of buildings 2012 and its background 
(EU) No 244/2012 is the latest version of EU directive on the energy performance of buildings and it 
was established on January 16th, 2012  which adopted as a supplement for 2010/31/EU directive. 
The objective of this directive to establish “a comparative methodology framework for calculating 
cost-optimal levels of minimum energy performance requirements for buildings and building 
elements [26]. 
 
According to the  2012 directive, member states may report the status of the building in term of 
ventilation, energy efficiency, etc. and they should use the provided template to in the EPBD 2012 
document . In this document some differences in different member states in their building sector, 
have been considered, such as “national definition of the floor area reference and its calculation, 
statistical analysis based on use, age, geometry, climate zones, cost structures, construction material, 
the indoor and outdoor climatic conditions, and geographic location.” of the reporting country [26]. 
 
In the figure below, a part of the provided temple in EU 2012 is shown: 
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Figure 3: Part of the provided template in EU directive 2012, on the energy performance of buildings 
which may be used by member states to report the new building relevant information.[26]  
3.2. The Danish Building regulation Directive  
The latest Building regulation was issued on 12rd December, 2010 by Danish Ministry of economic 
and business affairs and Danish enterprise and construction authority. 
It incorporates requirements with EU directive but it was formed based on historical and national 
potential and limitation.[27] 
Background of the energy requirements in Denmark 
In 1880/1920 building in Denmark, had general energy consumption per square meter of around 200  
kwh/ m2/year. But regulation started to set down this number, 2007 it reached to 30  kwh/ m2/year . 
At the moment, there is available technology to construct a building by 20 to 25  kwh/ m2/year , so 
the reduction is almost one tenth. This process have happened by improvement of building energy 
performances followed by a Danish concept called “energiramme”.[25] 
These are the requirements on buildings in  and the year that they are and will be obligated. 
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Figure 4: The requirements on buildings in “energiramme”( energy frameworks) and the year that 
they are and will be obligated.[28] 
 
3.3. Certification of buildings 
In Denmark normally when the public wants to build number of houses or apartments, the procedure 
is that, they put the project in an auction and require the cheapest buildings in term of both 
construction and operation. The different producers and builders companies that participate, have to 
declare a description of how they plan to work and their abilities and also, they have to send material 
about their last building project to national authorities ( in Denmark is green building council) about 
the certain information such as energy performance and efficiency etc. Then they will receive a mark 
based of the different assessment on their provided material, and based on these marks, auction will 
be finalized [25]. 
 
 
3.3.1. Green building council Denmark  
Green Building Council Denmark is a non-profit organization, which manages new Danish standards 
based on DGNB system. DGNB system is a certification scheme, and the target is to create a 
common platform for measurement and assessment of sustainable construction. 
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This organization is responsible to evaluate and issue certifications for building projects.[29]  
 
Figure 5: These are the elements that are assessed in DGNB system [29] 
 
3.4. Labeling the houses (Swan Eco label) 
The swan trademark is the Nordic Eco label, which is well known and a trustworthy label in the 
Nordic region. It is one the best available measure, for evaluation of producers environmental 
performance and their engagement to health in their product, and at the same time, this label 
communicates with customers in a simple and cost efficient way.  The Swan label can also be 
awarded to the apartment and small houses, which meet the criteria requirements in term of  a good 
indoor environment, energy efficiency, quality of the construction material with limited hazardous 
content , low environmental impact in the entire process of construction and disposal of the 
construction material and proper maintenance and operation plan.[30] 
Nowadays Swan eco labeled products (such as cleaning product )  have become attractive to many 
people and made many companies to change their environmental performance to be able to receive 
this Eco label, in order to survive in the market. 
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Buildings are places that people spend a great portion of their lives and it is natural that people have 
desire to choose the healthiest option. 
Swan eco label for buildings will make this choice easier and on the other hand, it will be handful 
tools to prepare the manufacturer (supplier), construction companies, authorities and people form the 
future environmental legislation.[30] 
Environmental qualification in buildings is a complex process and providing a relatively clear 
requirement on energy and indoor environment and material and also the quality of the construction 
in the swan Eco label guideline, it might make it easier to plan, design and build and buy more 
environmental friendly buildings.[30] 
 
3.5. Rules and regulations regarding the indoor climate in Denmark [2] 
Denmark along with other Nordic countries have a long history of ventilation requirement and a 
minimum mandatory rate for the outdoor airflow, to the building codes[4]. In the newest established 
Danish building regulation 2010 ( BR10), the rule and regulation regarding the indoor climate lays in 
chapter 6, which in general, it emphasised on maintaining a healthy ,comfortable and safe indoor 
climate during of houses, during their operation, and also ventilation system inside the houses must 
design and install and maintain in a way that meet, the expected performance during their entire 
lifespan. More detail Indoor climate in BR10 can be find in appendix B.[31] 
 
3.5.1. Regulations regarding the pollution from building material in Denmark BR10 
It is not allowed to use the material in the building which has caused unhealthy indoor climate in all 
form of dangerous gases emission,” vapors, particles or ionizing radiation “[27] 
 
3.5.2. Rules and regulations regarding the overheating and summer thermal comfort in 
Denmark 
In BR10, the current building regulation in Denmark, there will be a cooling energy penalty for 
overheated nonresidential building which binding requirement will be employed in 2015 and 
temperature in energy class one and energy class two (“voluntary since 2015”) building will not be 
allowed to go over 26°C by more than 100 hours and 27°C by more than 25 hours.[31] 
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Professor Jarek Kurnitski believes that “EPBD has led to more similar national requirements for 
ventilation and summer temperature” and in the figure below he shows how the summer thermal 
comfort and ventilation requirements has become analogous in member states countries which he 
studied.[31] 
 
 
 
Figure 6: The similarity of summer thermal comfort and ventilation requirements in some of the 
European member state countries which is resulted by EPBD. [31] 
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Professor Olli Seppänen from REHVA (The Federation of European Heating, Ventilation 
and Air Conditioning Associations) in one his recent project on indoor climate and ventilation, 
concluded that, if the European standards (CEN standards) have been followed and implemented 
properly, the existing challenges related to the ventilation systems has been overcome by know. In 
his project he presented 21 available measures which can cover different factor of a proper 
ventilation in three groups [31]   
“1.Group A showing measures leading to avoidance of specific sources of pollution related to 
ventilation system. 
  2. Group B showing measures leading to reduction of exposure to pollutants with ventilation. 
  3. Group C showing measures leading to proper operation and maintenance, and compliance with 
regulations, of ventilation systems.”[31] 
Requirements regarding prohibition of usage of certain material (no PVC allowed in Stenlose 
dwellings) is provoked from requirements based on group A measures. 
 
However these standards are not necessarily followed  by member countries and the reason is that, 
they have not yet mandate in EU and national regulations. Most of the national regulation have not 
include most of the elements of the descriptive guideline on ventilation measures [31] and as a result 
many occupant living in the low energy building are still experiencing indoor climate problems and 
ventilation problems. 
 
3.5.3. general rules on buildings energy consumption BR10 
Buildings should be design and build in a way that not causes to any extra energy consumption “for 
heating, hot water, cooling,ventilation and lighting” and along with that  a healthy condition  will be 
provided for for occupant.[27] 
 
3.6. Argument on regulation and policies regarding low energy buildings 
It is obvious that the planning, design and construction of new buildings have been influenced by the 
three important element on the green building planning in Denmark  which are  direct  regulation ( 
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EU directives and the Danish Building regulation Directives) and activities in the building 
sector(Green building council Denmark) and Labeling of houses (The swan certification system). 
But this study shows that regulations and activities have not reach a satisfying maturity particularly 
in term of indoor climate.  there are still a lot of shortcoming in the regulations such as  lack of clear 
detailed definition, relevant requirements and also  lack of communication of policy makers and 
energy house residence and also delayed on obligation of the necessary regulation (in case of 
overheating problem and indoor climate), no requirements on providing information for occupants 
and based on this study and previous a shortcoming and delayed on making and implementing 
relevant regulations, have been detected.[31] and in case of  energy requirement on buildings, there 
are some annual energy requirements on annual consumption which is not differ from requirement 
on general buildings.[32] 
With regarding to the building regulations, there exist two major barriers for development of the 
energy efficient buildings. First of all, the present building regulations for low energy houses are 
based on calculated or theoretical energy performances leading to wrong outcomes of the energy 
consumption reduction of the houses. In reality, the actual consumption of the low energy houses is 
turned out to be 10 percent higher than expected when they are put into operation [33]. 
  
Furthermore, the building regulations are criticized for placing narrow focus on the energy reduction 
for houses, which covers the energy reduction for heat, hot water and ventilation, whilst newer types 
of building services, such as building management systems, alarm systems, information technology 
infrastructures, etc., are not regulated. In order to reach the energy reduction within the building 
sector, other elements rather than the energy reduction of heat and ventilation should be taken into 
consideration [33]. 
  
Besides, the shortcoming in the current building regulations, there is also challenge in term of energy 
label. Main idea behind introducing an energy label was to make the significance of energy 
consumption more visible to buyers and new owners in order to motivate them to carry out the 
energy improvements [34]. The energy label therefore can be seen as a supporting tool for the 
development of low energy houses. However, the coverage of the energy labels in Denmark has its 
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limitation when most of new buildings miss their energy labels [34]. The reason for the limited 
coverage of the scheme might be resulted from the expensive societal cost of the labeling process 
including house owners' payment. This is one of the reasons that make the energy label less popular 
in the building sector effecting the improvement of low energy houses. 
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Chapter 4 
4. Study cases 
4.1 Purposes of the study cases 
In order to unfold the problem formulation, the project has chosen 3 different study cases for 
investigation. The three cases are the low energy individual family dwelling in Stenløse South, future 
apartment buildings in Horsens and 2 neutral houses in an experimental project in Taastrup. Targets 
of how to use these cases are presented as follows: 
  
4.1.1 The Stenløse South’s low energy dwellings 
The first case is low energy dwellings in Stenløse municipality, which have been developed since 
2004. The municipality is one of the first movers in Denmark to construct low energy houses 
following class 1 requirements, which will not become obligatory until 2015. The case is also chosen 
for its target of identifying existing problems within low energy houses, since many houses and 
apartments have been inhabited for a long time. Besides that, the case provides information of the 
municipality’s low energy house planning process, which helps us to unfold the roles of the planners 
in promotion of the houses. 
  
4.1.2 The Energy Flex houses in Taastrup 
The second case study is the Energy Flex houses project in the Taastrup, the effort in this project is 
to show the possibility of energy independency in the single houses, through the improvement in the 
building envelope, to reach the highest possible energy consumption reduction, and to  “produce” 
energy from renewable sources inside the house, corresponding its own consumption. Originally they 
are built in 2009, with the same energy class as the low energy buildings in the Horsens and Stenløse 
cases, which follow class 1 energy requirements, but the difference is that, in these building by 
replacing some the components, they can also easily follow energy requirement of class 2020,  which 
make it possible to simulate the living condition in both type of low energy houses in Denmark. 
In these buildings, different new efficient technology are being tested in a controlled condition, to 
identify the related issues, in order to make relevant  improvement in the tested product and 
developing solution for the common technical problems, such as indoor climate problem, poor 
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energy performance, and social problems, such as inhabitant inefficient energy relate behavior, in the 
low energy buildings . Our interest to study these buildings was, to learn about, how they have dealt 
with the issues that we addressed in our project. Through our interviews and study some of their 
available documents, we ascertain, that they have detected similar problems which they could 
overcome them in some extent and there are a lot of ongoing researches and activities for further 
promotion. On the other hand, since these building are known as a living lab, we were able to gain 
some of their laboratory data, and use them for our analysis part. 
 
4.1.3 The future building in Horsens 
The third case study is the future building in the Horsens municipality. The Horsens’ low energy 
building was constructed 6 years later than Steenløse South. The project has just been finished in 
2012. Investigation of the planning process of the Horsens’ future building can to some extent show 
how much the energy transition (from 2004) has emerged into the building sector, and if there is any 
challenge that planners have to cope with in order to construct low energy buildings. This will to 
some extent help us to understand how the socio-technical system of the building sector has been 
developed. Another reason for choosing this case is the energy performance behavior regulation 
method used in the building. The method can be used as an example of how energy performance 
behavior should be included and regulated in the low energy buildings for reduction of energy 
consumption.  
 
4.2. Detailed information of study cases 
4.2.1 The Stenløse South’s low energy dwellings 
Adapting Agenda 21, a sustainable development action plan for the 21st century by the UN 
conference on Environment and Development, the Egedal municipality has developed a plan strategy 
with visions for sustainability. Following this, the municipality has made special effort to reduce the 
consumption of heat, electricity and water and avoid environmentally dangerous substances [35] . 
The strategy vision became integrated in the municipality’s spatial plan, when they decided to 
purchase 76 hectares of farmland and recreational areas to develop a new residential area with 750 
low energy dwellings. 
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The construction started in 2004 with the first 250 housing plus kindergarten, senior houses, which 
were decided to save energy consumption for space heating of about 35% [36] Houses in the next 
construction process have requirements for reduced energy consumption for heating of about 34 
kWh/m2. This is the requirements of the low energy Class 1 standard, which will be mandatory 
nationwide in 2015. The last buildings are expected to be completed by 2012. Besides the energy 
restriction for space heat, other requirements also have to be followed to reduce the impact on the 
environment such as no PVC , no pressure impregnated wood, rainwater has to be utilized [37] 
Technology solutions:  
- High performance insulation materials 
- Efficient ventilation systems 
- Biomass CHP 
- Solar heating system 
Individual family houses in the Stenløse are equipped with ventilation systems with heat recovery 
and integrated heat with a heat pump for heating. Solar cells are used for single family homes to 
supply domestic hot water. 
Building apartments are supplied with heat for space heat and hot water from a local district heating 
system network, a biomass combined heat and power plant. During 3 summer months, the biomass 
CHP is closed down, alternative heat from solar heating system is used to deliver the heat for 
domestic hot water [38]  
 
 
4.2.1.1. The result of the Stenløse South’s inhabitant’s survey 
A survey with 12 questions was designed for the Stenløse South inhabitants. The main targets are to 
identify existing technical problems, the inhabitants’ behavior as well as the energy bills of the 
houses . Twenty-five households were chosen for conducting the survey however only 12 of them 
responded. Among these 12 responding households, there are 4 households from houses (with size 
ranging from 153 to 251 m2), 4 from apartment (82-110 m2) and 4 from townhouses (117-125 m2). 
The houses and the townhouses are owned by the households, while apartments are rented. All of the 
households have been living in their places for more than 1 year. 
  
 
 
42 
Part of the survey’s results are shown in the following table: 
Table 5: Result of the survey with the Stenløse’s inhabitants 
 
 
 
4.2.2. Energy Flex house in Taastrup  
The EnergyFlexHouse consists of two buildings with identical physical features. They have two 
floors and 216 m2 gross area; each of them is designed for a single family and were established in 
2009 by Denmark’s Technical Institute and its partner companies in Taastrup.  
 
The top priority of the project is to test and illustrate the combination of new technologies in energy 
efficiency, renewable energy utilization, efficient material and design, and at the same time create an 
opportunity for collaboration and communication of different national and international public and 
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private companies, factories, engineers, authorities, researchers, and  Denmark’s Technical Institute 
to contribute an integrated action in order to deal with the global climate change and energy 
challenges.[39] 
 
The project is known as a living lab. The reason is that volunteer families can participate in the 
project; they have been living in these houses for period of 3 to 5 months. In this way partner 
companies of the Technical Institute have the opportunity to install and test their prototype products 
in the houses in order to gain data from monitoring the interaction of the new technology and also 
different users in the house. New construction material, windows, isolation and renewable energy 
supply are being applied in these houses under controlled conditions.[39] 
 
 The data are being documented consecutively and also the residents have been asked about their 
experience of living in the house. They are being asked about the level of comfort and whether they 
encounter any difficulty or find it complicated  to work with the houses’ appliances . These data have 
been used for identifying the advantages and disadvantages of the different products, regarding 
functionality, efficiency, the level of user friendliness and user comfort, and the results are used for 
future development and maturation of the products tested.[39] 
 
The term “Flex ” is referred to the possibility of replacing  some of the components of the building. 
For instance the energy system can easily be switched from one source to another and it is the same 
for windows and isolation material. Consequently these buildings play an dynamic role in the 
experimental process, and various technology conditions can be tested and modeled in the same 
building.[39]  
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Table 6:  Possible options which can be applied in the Energy Flex House ( illustrated by light  
green and the dark green shows the  primary features just after the construction in 2009)[38]
 
 
There is also a web page that illustrates some of the measurements for the public. 
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The measured factors are inner energy production both in the form of heat and electricity, water 
consumption and electricity consumption for household usage. There is also a micro climate weather 
station near the houses, its data are being shown in the page as well, to give an overview of how 
consumption and production changes in different weather conditions.[39] 
  
4.2.2.1 Energy neutrality 
The houses are able to produce the required energy inside the house including heating and 
ventilation, domestic hot water, housekeeping, lighting, IT .  The EnergyFlex House is the first 
carbon neutral building in Denmark, and all the energy demands are being covered from renewable 
energy sources. 
In order to make it possible to rely on renewable energy, first a major effort has been made to reduce 
the energy consumption by using intelligent and efficient energy systems in these buildings. The 
main source of energy is produced by photovoltaic solar cells and solar heating systems, and based 
on the heat and electricity from these two sources a family with an reasonable energy consumption 
pattern will have the energy surplus in a year.[39] 
 
 
Figure 7: Current year energy balance of the houses 
 
As it can be seen in fig.6. there is an energy surplus in  9 months which has to be sold  and there is 
minus production  in 3 months that has to be covered by buying energy. Furthermore it can be seen 
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that the net value is positive. This number is used as evidence that this house is a carbon neutral 
building. [39] 
 
4.2.2.2 Inhabitant behavior 
Besides the importance of innovation and developing new technologies, there is a great potential in a 
user behavior.  One of the aims of these projects is to realize these possibilities by making it easier 
for  the user to behave more efficiently. This can be obtained by avoiding complexity and developing 
more user friendly systems and also by informing them about the impact of their energy related 
actions and consumption patterns on the energy performance of the house.[39] 
 
The energy consumption of a house which can be found in a building document normally is 
calculated based on an assumption that all the rooms have a temperature of 20°C. But the 
consumption directly depends on occupant energy behavior. In case of low energy houses user 
behavior has an even more important role. If  the user increases the temperature by 2 to 4 degrees,  
for instance by using 22°C for the rooms and and 24°C for the bath rooms , this small difference in  a 
low energy house  can increase the energy consumption significantly. [40]  
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Figure 8:  Two identical carbon neutral buildings (Energy flex house) in Taastrup 
 
This project is a unique possibility to test different combinations of heat sources such as solar, 
district heat system, boilers, micro-cogeneration, inner and outer radiators, and natural ventilation. 
 
4.2.2.3 Photovoltaic 
The electricity demands of the house are covered by a photovoltaic solar cell with a size of 58 m2 of 
high-performance, mono crystalline photovoltaic with a production of 9,600 kwh/yr . 
 
4.2.2.4 Heat sources 
Currently the heat demand is covered by production of low district heat and heat pumps and also by 
solar heating in summer . But as mentioned before it is possible to switch from one source to another. 
 
Low energy district heating  
The houses are also involved in testing the possibility of connecting single low energy house to the 
district heat system. The main challenges for using the district heating system for low energy 
buildings is that, with regard to the low energy demand (50% less) of these kind of houses, it is not 
economically viable. 
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The possible solution, which was tested in the project, is using lower temperature water (around 
50°C) in the system by using well insulated twin pipes with small dimensions and consequently have 
less heat loss.[39]  
 
4.2.2.5 Smart grid and Energy Flex houses 
The project also contributes to the smart grid (future intelligent energy system) activities by 
developing an intelligent controlling system for electronic devices and ventilation systems and also 
by working with the household appliances which can work with both heat and electricity and try to 
design an energy system which can manage to work with the combination of different energy sources 
from the public grid as well as its own production.  
 
Smart Grid 
In Denmark windmills are one of the major producers of electricity from renewable resources. But 
one of the problems with wind energy is fluctuation in energy production.  At the moment the effort 
is by using the fossil fuel adopts the energy system by fluctuated consumption but for planning a 
fossil free fuel future this process has to be reversed. Consequently it is necessary to analyze both 
fluctuations in consumption and production and based on the result, design an intelligent energy 
system in order to adapt the consumption with fluctuating production by windmills and eliminate the 
fossil fuel. 
In order to increase the share of renewable energy the buildings have to play an active role in the 
smart grid and have to be flexible, adjusting their consumption to the variation in provider 
source.[39] 
 
4.2.3 The Future building in Horsens 
Recently, the Horsens municipality has become a “climate” municipality. A sustainable broad was 
established to develop new way of living toward sustainability in different sectors. 
The future building project was originally from the ten-year Urban Regeneration Program. One of 
the main targets of this program is to construct new buildings and renovate old ones in the chosen 
urban areas. Funders for the future building are the Horsens municipality, the state and a social 
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organization. The idea of the project is to create a building, which promotes social communication 
among inhabitants and, at the same time, provides reasonably cheap places for people to stay by 
keeping down their expenses on energy bills.  The building is located in Vestergade 7-21 in with an 
area of around 3000 m2 including 31 apartments. The building is a pilot project in Horsens, started in 
2010 and finished in 2012. At the present, 2 apartments have been occupied. 
 
In terms of social promotion, the building is designed to be flexible, individual and provide 
opportunities for social interaction among inhabitants. According to the interview with Lene Krogh, 
60 percent of the populations in Horsens are living alone in their property. This factor can somehow 
lead to lack of communication for citizens. Therefore, the municipality has tried to develop new 
ways of living by constructing buildings, where people have chance to meet each other.  
Accordingly, the building is designed to have many public spaces such as solar house (a big public 
open space on the first floor), meeting room, fitness room and laundry room. Moreover, there is a 
large corridor in front of each apartment. Every two apartments share an area, where dining tables 
are placed for reading newspapers and other activities. 
 
 
Picture 1: Large corridor in front of individual apartment 
  
In the attempt to provide reasonably cheap places for inhabitants, the building was constructed 
following the low energy class 1 to reduce the environmental impact and decrease costs for the 
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inhabitants. On the other hand, the building will be used as a role model for other future buildings, 
where experiences from the building shall be used in future debates and planning processes. 
 
4.2.3.1 Technological solutions used in the future building 
 
Efficient windows are used both for individual apartments and the solar house. The windows are 
used for heat production and heat storage. They work efficiently to reduce heat loss from the 
building. The entire big window of the solar house is designed to face the South direction. To avoid 
overheating in the summer time, the window is attached with temperature sensors, which allow it to 
be opened when the temperature is high (use of natural ventilation system). When the temperature is 
low, the window will be kept closed. 
 
4.2.3.2 Energy sources 
 
Solar cells: there are solar cells installations on the roof of the building, which have a production of 
30.000 kWh meeting proximately 30% of the total consumption. 
 
District heating: the building gets district heating from the Horsens CHP plant, which utilize waste 
and natural gas supplies power and heat to the Horsens area. The rest of the electricity consumption 
of the building depends on the public grid. 
 
4.2.3.3 Ventilation system 
To ensure healthy indoor climate, the building uses passive solar heating and natural ventilation, 
combined with low energy ventilation with heat recovery . In addition, qualified building materials 
are used to improve the quality of air within the building. Comfort simulation test tools have been 
used to secure the best available indoor climate in both individual apartments and the public solar 
house. 
  
4.2.3.4 Smart controlling tablet 
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A smart control system is installed in each apartment, which helps the inhabitants control activities 
within the building such as booking kitchen, laundry room and checking bus routine. Another 
function is to enable the inhabitants to follow their energy consumption and economic impact of their 
increased energy consumption on the monthly basic. The inhabitants can see their energy 
consumption every day, and each month, they pay less or more – according to their use. If tenants 
consume less energy than they should in a month, the saved energy amount will be counted in the 
following month. If energy consumption excesses some certain levels, tenants will be alerted. The 
tablet works as a daily reminder for inhabitants to be aware of their energy consumption. 
The smart tablet was used before in different experimental projects. But this is the first time it is used 
in a real case for the energy saving target. Since it is a pilot project, the building energy consumption 
is going to be monitored and compared with conventional buildings. Learning experiences will be 
utilized by the municipality to develop similar cases within the region. 
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Chapter 5 
5. Discussion 
5.1. Technical problems in low energy houses in our study cases ( Stenløse and Taastrup)  
5.1.1. Technical problems in Stenløse 
From the result of the survey there are some existing technical problems founded in the energy 
envelopes in the Stenløse South. The first technical problem is overheated indoor climate in the 
summer. There are 3 out of 12 households (No 3, 4, 6), which have encountered this problem. 
The second problem is noise from the ventilation system leading to poor indoor air quality. This 
problem with noise has been found in the 2 apartments (no 11, 12) and 2 townhouses (No 6, 8). The 
inhabitants complained about the noise coming from the ventilation system causing discomfort 
especially at nighttime. The tenant of an eighty-two square meters rent apartment (household number 
11) complained that the family has been so disturbed by the noise from the ventilation system that he 
decided to turn it off . This action results in poor indoor air quality making his family open windows 
very often.  According to this tenant, the problem has been reported but nothing has been done to 
improve the situation. In additionally, as reported by an individual family house owner, the house got 
too cold in the winter time, therefore they had to change the system with a complete new one, which 
cost around 40.000 kroner. In summary, there are 3 main technical problems experienced in the 
houses, they are:  
- Overheated indoor climate in summer time 
- Coldness experienced in the house in the winter time 
- Poor indoor air quality resulted from misuse of ventilation system due to noise problem 
 
 5.1.2. Technical problem and solutions in Taastrup 
 
In the first test period of the Energy Flex houses, the indoor temperature exceeded the thermal 
comfort  in the summer. The problem was fixed by expanding the ventilation units to include natural 
ventilation and also using the automatic shading in the upper floor. Furthermore, since the solar 
shading is a relatively new concept in Danish housing, they are also working on some prototype 
shading strategies, such as window with manual and automatic, interior solar shading [39].  
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In energy flex house based on the interview they have not received any complains about the room 
temperature in the cold winter and also the poor indoor air quality. 
 
In some points in energy flex house high energy consumption have been detected in the data, which 
is mostly can be explained by improper user behavior (for instance and indoor temperature reach the 
25.6 degree on 20.12.12). But based on the energy flex house catalog families can get support 
regarding with their difficulties with technological installation operation and ask for advice in order 
to improve their energy behavior. 
 
5.2. Technical problems in low energy houses 
 
In this section we address the above technical problems, that we have pinpointed from the survey, 
which was filled in by 12 occupant families in the Stenløse houses, and also data and interviews with 
two of the team member in the energy flex house project in Taastrup, responsible for energy 
efficiency and ventilation and see if they have had similar problems and if they succeed to overcome 
them and learn about their solutions.  
The technical problems that we have identified during this study, have a lot of similarity to the result 
from the previous comprehensive study by Henrik N. Knudsen, Ole M. Jensen and Lars Kristensen 
in Danish Building Research Institute, on the occupant satisfaction, who lives in the low energy 
houses built between 2007 and 2010 in the Køge municipality [41] which means that even we 
studied limited number of houses in our project, the identified issues, are the common problems in 
the low energy houses in Denmark. 
 
 Low energy house and technical problems 
In the current modern construction with the focus on energy savings and CO2 emissions reduction 
due to the new requirements [42], in many cases, the user comfort has not been considered 
sufficiently. The indoor climate problem, is one of the main challenges in this regard, and if it is not 
addressed and included properly, it will cause serious problem in the building sector in the future, 
such as indoor climate problems(overheating problem in summer, poor indoor air quality,.. in low 
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energy houses)[43] and as a result many investments may be made on construction of many efficient 
buildings which nobody willing to buy or rent them, and they will remain empty and turn to an 
economic disaster . 
 Low energy house concept and energy consumption reduction 
In order to meet the overall goal of Danish political agreement on energy efficiency, one of the major 
saving has to happen in the building sector and this has been carried through the development of the 
low energy houses with the more strict requirements on the energy consumption and energy saving. 
So far several methods and techniques have been developed in this regard. [42] 
These are some of the available techniques on energy saving. 
1. The high level of insulation 
2. Energy efficient windows 
3. Heat recovery from running hot water and air 
4. Right house orientation to avoid the cold wind 
5. Applying passive solar system design. 
 
 House orientation 
 
Orienting the house in a right direction is one the determining factor regarding energy consumption 
of the house. A right orientation for houses, is varied for different location and different climate.[44] 
For instance in Denmark, normally there is cold wind from the North and the South-East, so houses 
should be located in a way to reduce cooling and  heat demand in the cold season and also gain 
passive solar in the houses as much as possible and large windows are installed in these hoses to 
increase the passive solar energy accumulation(another reason for big windows is to optimize the 
utilization of natural lighting and saving on electricity). 
 
5.2.1. Summer overheating potential in the low energy houses in Denmark and consequences 
According to different studies on existing low energy constructions in Denmark, these buildings have 
high potential of experiencing excess temperatures and consequent inhabitant discomfort, in the 
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warm season [42]. Overheating of the building is a relatively new challenge in Danish housing, 
which is necessary to be addressed and improved in the design of future low energy houses. 
 
The high temperatures occur, partly as a result of using the material with higher thermal mass(for the 
sake of the higher insulation), and partly due to  the several (poor shaded) large windows that 
sometimes, cannot be opened in order to assure a better and tight insulation, and also the heat 
recovery and using the waste heat by ventilation system and last but not the least shortcoming of the 
automatic and natural ventilation(utilization of the free cooling effect).[42] 
 
 
Figure 9:  Result of a research project in Denmark “Outdoor temperatures and room temperatures 
measured in July 2009 and 2010. (Results from the white one-story house in Skibet”[42] 
 
The above figure shows the result of a research project in Denmark on monitoring the temperature 
white one-story low energy house in Skibet. It can be seen, that the living room, temperature in some 
point reach 33, which is far above the human thermal comfort, and in 2010, the average temperature 
is above 25 degrees. 
There are some available solutions for overheating problem in the summer: 
The first suggested solution is to include the natural ventilation( a natural air flow of air in interior 
space from outside and vice versa due to the temperature or pressure difference) in low energy 
buildings which means that user should have the option, to turn off the ventilation system and open 
or tilt  the windows in all rooms, this might not be a problem in the summertime, but it increases the 
heat lost, in winter time, but inspite of this the user comfort have to be considered as the first priority. 
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The experience from the energy flex house is that, the users must be given as much influence as 
possible otherwise they do not choose the low energy house to live in.[45]
 
 
Picture 2. Large windows in low energy houses [46] 
The second suggestion is that, since the use of large windows are playing a major role in low energy 
building concept applying the existing solution such as automatic and manual, internal and external 
shading, vertical garden (they provide shading during the summer and loose leaves in winter and 
allow the sun to reach the house), brise soleil, seems to be relevant in order to reduce excessive 
summer passive solar heat. 
The third solution is to use ventilation units which can be adjusted to operate without heat recovery 
in the summertime [47] which account as one of the major reason for summer overheating problem. 
 
5.2.2. Insufficient heating during the winter 
Insufficient heating problem in winter time can occur by fail and shortcoming of heat pump system, 
which is a common problem with heat pumps, when the temperature level reaches below a certain 
temperature and at this point, heat pump are not able to endure the heat losses in the house, and it 
will running to meet the set temperature on the thermostat, but it cannot, and meanwhile it consume a 
  
 
 
57 
lot of electricity. This fail can be reasoning by a mismatch the capacity of heat pump and the size of 
supplied house which mostly happen because of miscalculation of the heat losses (using “the average 
heat loss per floor area instead of room specific losses” in calculation in the calculation), and also 
inaccurate assumption for air tightness of the rooms. Air tightness is an important factor in sizing the 
heat pump outputs. In the calculation, the presupposition is  that low energy buildings are heated up 
with very small amounts of energy, and that may result to underestimation of needed energy for heat, 
therefore any small fail in airtightness and infiltration will cause a quick cooling off in the 
houses.[42] 
 
 Insufficient heating during the winter in our study cases 
In Stenløse case, one out of the twelve studied houses has problem with cold temperature in winter. 
It is worth noting that; individual house in Stenøse is equipped with heat pump for heating purpose. 
Among 4 surveyed houses, only this house counter the problem. This is also the largest house of 251 
m2 with two floors. Other three houses have sizes from 153 m2 to 158 m2.  So the mismatch of heat 
pump capacity with the house size, air tightness and heat pump failure could all be the causes for the 
temperature drop in the house in the wintertime. 
In order to avoid this situation, calculation of heat pump capacity and size of house has to be taken 
consideration in the designing step. Ensuring air tightness for the house requires good construction 
and frequent checkup of the house. If the problem comes from heat pump, experience can be learned 
from the individual family houses in Stenløse (who also have heat pump) since they do not counter 
the same problem.   
 
5.2.3. Indoor air quality problem and inefficient ventilation  
In Stenløse five from twelve studied families complained about the noise from ventilation system, 
and one of them also has poor indoor air climate.  
The low energy building concept development and implementation have led to a better air tightness 
and insulation in the buildings’ envelopes, reduction of heat losses as well as energy saving.  But at 
the same time, it has contributed to a deterioration of indoor air quality in these buildings.[48]  That 
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can be reasoned by the big influence of air tightness and the natural air flow rates through building 
infiltrations.  
Figure 10: Building airflow [48] 
In figure.10 are shown the air exchange through the infiltration and ventilation unit. 
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Figure 11:  Reduction of infiltration and energy demand in low energy houses and passive houses 
[42] 
 The result of study on the reduction of energy consumption in low energy building compare with the 
conventional building in Denmark reduction of infiltration can be seen in Fig.11 
 
Therefore, ventilation system has become predominant part of low energy houses in order to assure 
the residences’ health. So it is crucial that the unit is well installed and operates properly [42] with 
minimum disturbance for the users in term of noise or any form of discomfort. The disturbance from 
the system might make the user to turn off the ventilation system that leads to poor indoor air quality 
and make them to open the window in cold season. This will increase energy consumption 
significantly. Hence, quality operation check and maintenance of the ventilation unit are important 
factors in low energy houses, which, today, have been majorly disregarded in the most European 
country.[42] 
as it mentioned above in Stenløse 5 from 12 studied families have been disturbed by noisy 
ventilation system, and one of them also has poor indoor climate and inefficient ventilation unit. 
According the provided information regarding their energy bills, it seems that electricity 
consumption increase dramatically in case of insufficient ventilation. But in case of noisy ventilation, 
a significant effect on energy consumption, has not detected. 
 
Necessity of ventilation 
 
Occupants of the house are  exposed to different pollution from different sources such as pollution 
from their own activities(metabolic emissions, cooking,... ), which is mostly CO2 and humidity, and 
pollution from indoor building materials( construction material, furniture, toys,..) like pvc based 
material, pollution from ventilation system itself which can be in form of particles and pollution from 
outside which might come in to the building and  trapped( “mainly particulate matter (PM2.5, 
PM10), pollens and ozone” ) [43] 
So it necessary that the unit is well installed and operate properly [42] with minimum disturbance for 
the user in term of making noise or any form of discomfort, because it might make the user to turn 
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off the ventilation system which is a serious threat for the residence or made them to open the 
window, especially in cold season, which will increase energy consumption significantly. Hence 
quality operation check and maintenance of the ventilation unit, are important factors in energy 
housing, which is today has majorly disregarded in the most European country.[42] 
Even though there is effort to limit the or stop using of material with harmful emission(sources of 
pollution) but still it is not possible to eliminate all sources of the pollution. The level emission from 
known material with harmful emission might can be reduced but there are a lot of element with 
significant effect on health exist that we do not know them or we do not have proper tools or 
technology to monitor or measure them. So it is important that to pay decent attention to any kind of 
of problem with indoor climate. 
 
5.2.4. High energy consumption 
Our data from the studied low energy houses and apartment shows that in some of them the energy 
consumption was higher than it was expected. For instance in stenlose the energy consumption bills 
of the apartments number 10 and number 11, even exceed the conventional building consumption. 
As it mentioned energy flex house also experience high energy consumption from time to time due to 
the improper inhabitant behavior. 
 
Some the elements that affect the energy performance of a house is 
 
1. Failure of technical installation 
2. Using complex and advance technical installation without providing relevant guideline and 
customer support [41] 
3. User behavior (detailed explanation can be find in the user behavior section) and situation (such as 
number of people who lives in the house) 
4. Failure in an efficient communication provider and user in term of informing user about the 
houses, lack of information about the house and how it operates and dependent of energy 
performance to the user behavior.[41] 
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In order to improve the energy consumption in the low energy houses in addition of using best 
available and efficient technology further attention have to be paid in order to make sure that user 
also have chance to learn how should use them to have better energy consumption. Since the low 
energy housing is a new concept and it is in maturation period, education of people both in form 
providing clear and simple guideline on devices operation and efficient behavior, and also a constant 
technical support through email or phone or even personal visit seems to be necessary. 
 
5.3. Discussion on possibility of having energy neutral building in Denmark and important and 
influential elements in this regard, (Taastrup case) 
 
As we have argued before, moving toward sustainability, the energy transition within the sector has 
to contribute to the climate change adaptation. Therefore it should contribute to the EU’s CO2 
reduction target and move toward direction of fossil fuel independence. While the low energy 
buildings class 1 basically focuses on reduction of heat consumption and replace it with renewable 
energy, the energy neutral buildings try to include the total electricity consumption and strategies for 
reducing electricity consumption play a very important role in developing energy saving and 
renewable energy production [49]. In this aspect, the energy neutral building is argued to be a good 
solution for achieving the target of sustainable energy transition. For this purpose, here we want to 
see what is the status of the current energy neutral building in Denmark, and what elements can 
influence their energy performance, and if they can produce as much energy, as they consume, why 
still the other factors, such as inhabitant behavior should be considered. 
As  it is mentioned before, based on the Energy flex house documents, these buildings are 
constructed as an energy neutral buildings. But during our studies, we found some data that shows, 
these building did not perform as they were intended and in some periods, they consumed more 
energy than they produced. In the two interviews in Taastrup case, we mentioned our observation 
and asked the interviewed personnel in Energy flex house, for explanation. Mr.Mikael Grimmig 
says, these data means that , the houses was not energy neutral on that specific period. Therefore our 
observation was true and in some points the houses fail to fulfill energy neutrality. The interesting 
point in the interviews was that both Mr. Anders Høj Christensen and Mr.Mikael Grimmig 
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emphasized on the major effect of inhabitant behavior on the energy performance of the houses 
which might also cause the failure. 
 
This vulnerability of energy performance occurred in a situation that, the houses equipped with, a 
relatively oversized photovoltaic (58 m2) while a typical size for a photovoltaic in a normal house is 
from 4 to 6 m2. Using a large photovoltaic which are installed at different angles make it possible to 
capture energy from the sun at different position in the sky and even if it is sunny for an hour the 
production is not zero, which is not the case for the  size of 4 or 6m2 and yet with this efficient 
design the energy neutrality have not been assured. 
 
On the other hand the Energy Flex houses, are experimental houses, but in reality, equipping  houses 
with this size of photovoltaic cell  is not economically feasible (further calculation and data on 
houses production and solar cell financing  can be find in appendix D). 
 
With a critical point of view it can be seen that, with the current technology and Denmark climate 
condition, energy neutral building is not seems to be achievable goal at the moment. This means in a 
real situation, relying on the possible renewable sources in Denmark and having an energy neutral 
house economically and technically have not been possible yet and even with the favorable condition 
in energy flex house regarding relatively high production of electricity from renewable sources( 
because of the large photovoltaic cells) the energy consumption of house still depends on the 
behavior of the inhabitants (according to the interviews, energy consumption of the buildings, 
dependence to the inhabitant behavior is by a factor of 3 ) which verify the importance of this 
element and it seems that any kind of significant improvement in energy saving in the building sector 
cannot be achieved  without  realization of the potentials in user behavior revision. 
In the following section more detail on the users’ behavior and increase in energy consumption will 
be presented.  
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5.4. The influence of inhabitants’ behavior on the energy consumption in the low energy 
buildings 
 
In this section, we are going to make a discussion of the relationship between inhabitants’ behavior 
and energy consumption in the buildings. The discussion will be our basic argument for why 
inhabitants’ behavior should be included in the energy transition strategy for energy saving targets. 
At the end, the method of inhabitants’ behavior regulation will be suggested. 
 
Various studies of energy consumption in dwellings showed that there are three main factors that 
affect the energy consumption of a building. These are the actual qualification of the constructions,  
the actual efficiency of the systems and the actual use of home amenities (included heating and 
ventilation systems). Among these factors, the studies suggested that occupants’ behavior exerts a 
strong influence on the energy consumption of a house [50].  
 
Accordingly, it is arguable that, to ensure the energy saving, the inhabitants’ behavior regulation 
should be taken into consideration.  In this sector, we place our focus on the two crucial factors 
directly related to the occupants’ behavior that can result in unexpected increase in the energy 
consumption in the low energy buildings. They are heating set point and air change rate [51]. 
 
Regarding the heating set point and increase of energy consumption in low energy buildings, studies 
showed that a slight change in temperature could lead to a significant increase in energy 
consumption. Usually in the design phase, the energy consumption of a building is estimated based 
on the assumption that the constant heating set point is at 20 degrees under conditions of good 
insulation levels [52]. However, in reality, the heating set point is varied due to inhabitant’s 
adjustments according to their thermal comfort which in turn leads to energy consumption outcome 
variations. Consequently, using an assumed constant set-point temperature in the calculations will 
result in wrong outcomes for low energy buildings [51].   
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There are different issues concerning the air change rate in low energy houses. According to Rune, 
2009, there are strong seasonal effects of opening window behavior and air change rate in houses. It 
is found that external temperature alone accounted for more than 70% of the variation in the number 
of opening windows [53]. In the case of low energy buildings, the external temperature resulted from 
frequent window opening in wintertime causes heat-loss in the houses reducing the house 
temperature below the heating set point. In consequence, more energy consumption for heating is 
needed to make up for the heat loss to reach certain heating set points by occupants leading to an 
increase of the house’s energy consumption. 
Based on the information above, energy consumption in the low energy buildings can be influenced 
by the inhabitants’ activities, which are window opening behavior (creating air change rate) and 
heating set points. 
  
One can argue that, in order for a low energy house to meet energy saving requirements, the 
temperature in the house has to be set around 20 degrees under good insulation condition (meaning 
that windows have to be kept closed as much as possible). However, this is not always the case in 
reality. Our investigation showed that in the Stenløse case, the temperature set point within the 
surveyed households was over 20 degrees, about 21- 22 in average. The same situation was found in 
the Taastrup case, where temperatures are usually set from 21.5 to 23.5 degrees. Thus, the heating set 
points make room for improvements in term of the users’ behavior modification. 
  
Another finding is that most of the households in Stenløse have a habit of opening windows 
frequently in wintertime to get fresh air. A clear evidence of frequent window opening behavior and 
increase in energy consumption can be seen clearly in the case of the household number 11. The 
apartment of 82 square meters has a problem with loud noise from the ventilation system causing 
discomfort for the tenants. As a result, the ventilation is switched off frequently causing poor indoor 
air quality. Due to the problem with quality of indoor air, the tenants open windows very often. This 
action created an unintended increase in energy consumption for heating. As a consequence, the 
electricity bill of the family is very expensive in comparison with other households in the survey 
(Appendix A.1). 
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The reduced utilization of the ventilation system in household number 11 might be also caused by 
the lack of information concerning impact and guidelines of the ventilation system utilization. In 
Denmark, most of the Danish families are not used to having a mechanical ventilation system in their 
house and therefore it is hard for them to use the system optimally. The study showed that lack of 
information is the main reason for either poor indoor air quality or increase in the energy 
consumption [54]. 
  
Since there is a close relationship between inhabitants’ behavior and energy consumption in 
buildings, regulating inhabitants’ behavior is, therefore, necessary to reduce energy consumption 
within the building sector. We argue that in order to move toward a more sustainable energy 
transition, the inhabitants’ behavior pattern should be weighted as equal as the technological 
innovations and that both should be embedded in the low energy building implementation. The 
question is how the behavior can be regulated without causing discomfort for inhabitants and 
avoided that they feel restricted in their behavior when living in the low energy houses. 
 
According to our investigation, to some extent, regulating inhabitants’ behavior pattern has been 
taken into consideration and implemented in the low energy houses. In all three cases, different 
regulation methods at different levels were found. In Stenløse, the method of regulating the 
inhabitants’ behavior is to make it possible for the inhabitants to check their daily energy 
consumption in a computer system. In the Horsens’ future building, the energy consumption of 
households is made more visible to the inhabitants through a smart tablet installed in the apartment. 
Economic impact of the energy consumption to some extent is also visible to the tenants when they 
can see their economic gain or loss monthly from their energy consumption. In the case of the 
Taastrup, a simpler and more friendly control system has been developed to avoid complexity for the 
inhabitants. 
 
It is noticeable that different ideas of regulating inhabitants’ behavior have been thought of and 
developed based on different perspectives with the purpose of making the inhabitants’ energy 
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performance more sustainable. Among these economy, simplicity, and visibility concepts seem to 
play important roles in the behavior regulation methods used in the 3 study cases. It is arguable that 
these elements, to some extent, can make the occupants more aware of their energy performance 
behavior since they make the economic impact from their energy consumption more visible and 
make the inhabitants more willing to be involved due to its simplicity. 
 
Yet what is missing here is the communication with the inhabitants to provide them with better 
guidelines of how to use their houses optimally. Since frequent opening window behavior and 
heating set points are interconnected to the utilization of ventilation system and are the crucial 
factors affecting the energy consumption of low energy buildings, we argue that adequate 
information concerning this behavior should be provided to the inhabitants to have them run their 
house efficiently. By doing that, inappropriate behavior might be avoided and therefore unexpected 
increases of energy consumption from the behavior can be eliminated. On this background, our 
suggestion is that the method to regulate the inhabitants’ behavior should consist of the following 
elements: 
 
First of all, it has to be visible to the inhabitants in a daily context (for example the use of the tablet 
in the Horsens). Second of all, economic impact of the inhabitants’ energy consumption should also 
be presented to them on the monthly basic. Third of all, adequate information regarding use of the 
ventilation system and related issues like window opening behavior and heating set points 
consequences should be provided to the inhabitants in a simple, understandable way to furnish them 
with compatible knowledge to run their houses efficiently.  
  
With regard to frequent opening window behavior, according to Melissa et.al, indoor climate quality 
is directly reliant on the ventilation system. As a result, the ventilation should be considered a 
priority from the earliest stages of design process so as to ensure good, healthy indoor conditions, 
while providing an energy efficient building [55]. Ensuring construction quality of the houses is also 
another important issue to avoid situations where the actual temperature within the houses is lower 
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than the heating set point, leading to a tendency to increase the heating temperature by the 
inhabitants. 
 
5.5. Role of municipality in promoting energy efficient buildings  
In this segment, the theoretical framework is applied to unfold the role of local planning in Stenløse 
in promoting the development of the low energy houses in the existing building regime. After that, a 
discussion of how this role can be strengthened to support the energy transition process will be 
presented.  
 
As mention above, the Danish building sector is the second large energy-consuming sector after the 
transportation (see the introduction). Reducing energy consumption within building sector is, no 
doubt, a crucial task for pursuit of energy saving target. The reduction of energy consumption can be 
achieved through more radical implementation of new and more energy efficient technologies within 
the building sector.  However, it is not easy since radical implementation of new energy efficient 
technologies in the mainstream building sector challenges the dominant socio-technical building 
regime, which is in favor of stability (See the theory chapter).   
As the result, policy makers counter difficulties in how to facilitate a wider dissemination of the 
energy efficient technologies within the mainstream building regime [56] 
 
In Denmark, many of the past policy initiatives to promote energy efficiency in the building sector 
like minimum energy requirements, economic incentives, experimental projects have not succeeded 
in radical overcoming the inertia in building sector with regard to sustainability [56]. Some policy 
decisions have led to new energy efficient technologies to be successfully developed and matured in 
experimental projects, but it is very seldom that these technologies are applied successfully in the 
mainstream building. The gap between policy vision and its implementation is a key challenge for 
more energy-efficient development within the country [56] 
  
We argue that, implementation of low energy buildings under the local spatial planning such as the 
case in Stenløse is a compatible tool to fulfill the gap between the policy vision and its 
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implementation in practice. The underlying reason is that, within the implementation process, the 
municipalities had ability to influence different stakeholders in the dominant socio-technical regimes 
of the building sector to move toward a more sustainable way of construction.  As the result, more 
energy efficient technologies would be diffused contributing to the development of low energy 
houses. The process of how the project influenced the socio-technical regimes is illustrated as follow. 
  
Stenløse idea of low energy house project was formulated within sustainability vision of Agenda 21 
to develop a new sustainable urban development area. Under the planning process, noticing the gap 
between policy vision of sustainability and the sustainable technology implementation in reality, the 
planner called for a more concrete action plan, where the local authority had formal control and 
responsibility [57]. Even though, sustainable development has become one strategy for a local 
authority to establish a distinctive and appealing identity in a time of increased competition for 
inhabitants and business, The distinctive and appealing identity are not the target of the municipality 
to construct the low energy dwellings. Instead, the municipalities’ overall target is to provide sound 
housing for future residents, which would meet future requirements for energy and water savings 
[58]. During the planning process, energy saving became a key sustainable aspect of the project since 
the local environmental assessment report showed that heavy extensions of the existing natural gas 
heating system would be needed for a traditional residential development and this extension would 
be eliminated if more low energy buildings replied on individual heating of the houses were 
developed [58]. 
 
For the buildings to be reliant on individual heating the municipality acknowledged that the 
minimum energy requirements in the Danish building regulation had to be tightened up, that could be 
done by high level of building insulation and new heat system installation [58].  This factor indicates 
that the new vision of the municipality to develop sound housing for future residents, to some extent, 
presents a break with the existing socio-technical regimes of heat and construction in Denmark [58]. 
  
The process of planning the energy efficient houses in Stenløse was not without challenges. One of 
the most difficult challenges for the municipality was the deadlock situation, in which the building 
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industry has their own interest in term of economic and technology in retaining well-known 
standards. Changes in energy efficient requirements would result in changes in their product line and 
therefore create challenges for them. Due to this, building companies were reluctant to the building 
innovation. According to the Danish Enterprise and Construction Authority, the reluctant to engage 
in the building sector innovation was a general problem in the dominant building industry [59] 
  
Nevertheless, the municipality was able to motivate certain construction companies (which were first 
reluctant) to become involved in the building project. During the design stage, the planer cooperated 
with the building companies identify visible technical solutions to comply with the energy 
requirement. In addition, the municipality was also successful to persuade individual families to buy 
building lots for constructing low energy [59]. The result now is that, a large area of the low energy 
dwellings with extremely energy efficient technologies have been constructed. 
  
Successful implementation of low energy dwellings in Stenløse South indicates that, extremely 
energy efficient technologies have been implemented by numbers of stakeholders, which are the 
construction companies involved in the project and the companies within their supplies chains as 
well as the households involved in the Stenløse South project. In the other word, the spatial planning 
in Stenløse municipality of constructing energy efficient houses with vision of providing sound 
house for the future residential has somewhat influence on the existing socio-technical regimes of 
construction. 
  
It is hard to say how much such the planning initiatives have contributed to transform the existing 
building regimes, but there is evidence that nowadays constructing low energy houses no longer 
counters the same challenges with construction companies’ reluctance in the innovation building. As 
the interview with Horsens municipality’s planer revealed that the construction of future building 
started 6 years later compared to Stenløse low energy building, did not face the same problem. The 
problem that the future building faced was how to integrate the fire regulation in the construction of 
the building. This shows that to some extent construction companies in the national building industry 
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get familiar with low energy constructing methods and knowledge of constructing low energy 
building has to some extent been imbedded in the building industry. 
 
Another important outcome of this project was that it also contributed to form part of change in the 
existing planning framework at landscape level, which is beyond influence of niches and regimes 
(see the theory part). According to the data collection, the National building regulations and the 
Planning Act (National Planning) were reformed to make it possible for the municipality to refer 
directly to 2 new levels of energy classes (with 35% and 50% of energy reduction). Though, this 
reform was not a direct outcome of the municipality activities, the activities formed a largely part of 
pressuring for changes in the existing frameworks [60], since the commune showed that the current 
planning tools failed to support the construction of low energy houses and therefore asked the 
government to make it possible for local policy makers to apply energy efficient requirements 
through the planning framework [61]. 
 
The influence of the Stenløse project on both landscape and regimes has showed that there is a sign 
of changing within socio-technical system of the building sector. This will create opportunities for 
wider diffusion of energy efficient technologies and thereby the development of low energy house. 
The Stenløse project can be seen as the local niches, which promote the energy efficient 
technologies. 
 
However in order to contribute to the energy transition process in national level, the knowledge and 
experience of this local niches have to be aggregated further so that experience and knowledge will 
not be mainly stuck in the local domain and can be widely spread in the society. The Stenløse case 
showed that the local authority had made big afford to carry on their planning to turn policy visions 
into implementation and used less afford on aggregation of knowledge. The main focus of the 
planner was how to develop a sustainable building area and not so much on supporting a more 
general transition toward energy efficient technologies in Denmark [62] 
This narrow focus on the local context presents a challenge in term of facilitating transition of 
knowledge from the local level to the national level and therefore less beneficial for the energy 
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transition process within the country. As the result, importance of aggregation of knowledge needs to 
be recognized in the local planning frameworks. This can be done by making the local authorities to 
realize and aware of their important roles in the energy transition process.    
Furthermore, there seems to be a tendency that the national planning regulations are embedded with 
a traditional regulative planning, which fails to recognize the potential of local policy makers as 
agents of change [63] Accordingly, to strengthen the energy efficient transition process, role of 
policy makers as agents of change should be recognized by the national planning regulation to create 
proper strategies to make use of these actors in the transition process 
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Chapter 6 
6.1 Conclusion 
With the overall target of contributing to the energy transition process in the building sector, the 
project placed its emphasis on the different issues influencing in the development of low energy 
buildings in Denmark and from here discussion of how to support the development is brought 
forward. 
  
First of all, the development of the low energy houses can be challenged by their existing technical 
problems. The problems can make people lose their interests in investing and living in the houses. 
Therefore, to acquire the diffusion of the low energy houses, the existing technical problems have to 
be addressed properly. Our investigation in Stenløse revealed that, there are some technical problems 
experienced the low energy houses. They are overheating problem in summer time, coldness in the 
house in the wintertime and poor indoor air quality associated with the ventilation utilization. With 
regarding to overheated indoor climate, the construction of the low energy houses with high level of 
insulation, big window facing the South to attract passive solar, using heat recovery ventilation 
system can be the main reasons causing the problem. The suggested solution for this problem is to 
use solar shading, natural ventilation and use of ventilation system without heat recovery.  
 
In accordance with the problem of coldness experienced in the house in the wintertime, there can be 
different causes such as the problem of heat pump, mismatch between capacity of heat pump and the 
size of the house, airtight failures. Thus, in order to avoid the problem with heating in the winter 
time, calculation of heat pump capacity and size of house has to be taken consideration in the 
designing step. Good construction and frequent checkup of the house is necessary to ensure air 
tightness. 
Another problem is the poor indoor air quality resulted from the misuse of the ventilation system due 
to the problem with the noise from the system. In order to avoid this, the maintenance service for the 
ventilation system plays a key role in ensuring the system work smoothly, avoiding the inhabitants’ 
misuse of the system leading to the poor indoor air quality.  
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And last but not the least, a relatively high energy consumption in some of the studied building 
which can be reasoning by failure of technical installation,  complex and advance technical 
installation without providing relevant guideline and customer support, user behavior and situation 
and failure in an efficient communication provider and use. These problems can be avoided by 
providing a clear and simple user guideline on technical installation and efficient behavior and also 
further user support in term of advice on proper energy related behavior and maintenance seems to 
be necessary  
 
In order to make the building sector become fossil fuel independent, type of the energy neutral 
buildings like those in Taastrup should be promoted since aim of these buildings is to produce 
renewable energy to cover their own consumption. Study of the neutral buildings in Taastrup shows 
that even with use of the oversized and expensive photovoltaic, the buildings have difficulty in 
becoming energy neutral building due to its unstable energy production during the year. Therefore, 
the users’ behavior is still a determining factor regarding  the energy energy performance of the 
houses, and in case of using standard size of photovoltaic with far less production the behavior factor 
seems to be even more important. 
 
Different studies showed that users have major influence on energy consumption of houses.  As the 
result, besides the energy efficient technology support to reduce the energy consumption, the 
inhabitants’ behavior should also be taken into consideration to ensure the energy reduction within 
the sector. The investigation showed that the inhabitants’ behavior in the low energy houses is not 
sustainable in terms of heating set points, opening window behavior and utilization of ventilation 
leading to the increase in energy consumption. Accordingly, there is a need to modify the occupants’ 
behavior. The three different study cases showed that, in the low energy house, the inhabitants’ 
behavior have been included for energy reduction target.  The inhabitants’ behavior has been 
regulated with the different methods such as showing visible economic benefits in the monthly basic, 
create simple control system etc. However, there is a lack of communication with the inhabitants to 
provide them with adequate information about consequence of heating set points, utilization of 
ventilation system and frequent opening window action. Since these factors have major influence on 
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the energy consumption in the low energy buildings, we argue that, they should be informed to the 
inhabitants to furnish them with knowledge to run their houses efficiently. 
 
Lastly, we looked into the planning process of the low energy dwellings in Stenløse and unfold the 
role of the municipality in promoting the development of low energy houses. During the planning 
process, the planners have succeeded in mobilizing the stakeholders in the established socio- 
technical regime to construct more energy efficient houses than prescribed by the national building 
regulations. This dedicated that, to some extent, the municipality has influenced the existing building 
regimes in changing toward a more sustainable way of construction for buildings.  The influence of 
the municipality on the existing building regime is an important element to support further 
development of the low energy buildings in Denmark. Accordingly, the knowledge and experience 
of the municipality’s project should be aggregated outside the municipality border. For this to 
happen, the urban planners should recognize their important roles in the promotion of the low energy 
house development. In addition, the role of the urban planners should be realized in the national 
Planning frameworks so as to exploit their potential in the energy transition processes 
 
6.2 Perspective 
 
Transition to a low carbon energy system has been identified as one of the main goals by the 
European Union, setting an agenda of a long-term radical shift in the existing system [64]. Climate 
change and agendas of securing energy supply and interdependency have introduced a need for 
transformation of the established socio-technical energy system[64]. In the building sector, to move 
toward the sustainable energy transition, transformation of the existing building regimes, where the 
new energy efficient buildings are widely distributed with actual energy reduction is necessary.  In 
order for this to occur, there has to be a room for development of different niches. Thus, the 
promotion of the energy efficient technologies in cases of Stenløse, Horsens and Taastrup is crucial 
for the energy transition process within the country. Accordingly, these types of niches should be 
encouraged and supported by the government’s initiatives. 
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As reported, nowadays, domestic electricity consumption dominates the total primary consumption 
of houses [65]. This raises a question of whether the traditional heat-saving paradigms are effective 
enough for the energy saving target. Moreover, rising temperature due to the climate change problem 
in the future will result in falling heat demand and increasing cooling demand in housing [65]. These 
two issues propose a need to rethink about the low energy house concept defined in the current 
building regulations. 
  
At the moment, development of the new energy efficient technologies is still in its early stage, in 
which learning experience is important for technology and knowledge improvement.  As a result, 
utilization of technology alone will not be enough to achieve the sustainable energy transition. Thus, 
there is a need for raising awareness among the inhabitants about the energy issues and provides 
them with compatible knowledge and intelligent control systems to have them contribute positively 
to the transition process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
76 
References 
 
[1] Energy Watch Group, 2007, peak coal, available at: 
http://www.energywatchgroup.org/fileadmin/global/pdf/EWG_Report_Coal_10-07-2007ms.pdf 
 
[2] European Commission, 2011, A Roadmap for moving to a competitive low carbon economy in 2050, Communication 
from the commission to the European parliament, the council, the European, economic and social committee and the 
committee of the regions, Brussels 
 
[3] Danish Energy Strategy, 2011, from coal, oil and gas to green energy, energy strategy 2050, Danish government 
 
[4] Energy Mix Fact Sheet, available at: http://ec.europa.eu/energy/energy_policy/doc/factsheets/mix/mix_dk_en.pdf  
 
[5] Quitzau et.al, 2012, Local niche planning and its strategic implications for implementation of energy-efficient 
technology, Technological Forecasting & Social Change, Elsevier ScienceDirect: p 1012 
 
[6] Quitzau et.al, 2012, Local niche planning and its strategic implications for implementation of energy-efficient 
technology, Technological Forecasting & Social Change, Elsevier ScienceDirect: p 1050 
 
[7] Energy transition, available at:  http://www.dreso.com/en/topics/energy-transition/ 
 
[8] Rune Vinther Andersen, 2009, Occupants behavior with regard to control  the indoor environment, International 
Centre for Indoor Environment and Energy Department of Civil Engineering, Technical University of Denmark, Ph.D. 
Thesis: 27 
 
[9] Kurt et. al, 2010, Sustainable Transition of socio-technical systems in a governance perspective, A new agenda for 
sustainability, chapter 5, Roskilde University, Denmark, p 93 
 
[10] Frank W Geels, 2004, from sectoral system of innovation to socio-technical systems, insights about dynamics and 
change from sociology and institutional theory, Department of Technology Management, Eindhoven University, IPO 
2.10, P.O. Box 513, 5600 MB Eindhoven, The Netherlands, p900 
 
[11] Kurt et. al, 2010, Sustainable Transition of socio-technical systems in a governance perspective, A new agenda for 
sustainability, chapter 5, Roskilde University, Denmark, p 94 
 
[12] Frank W Geels, 2004, from sectoral system of innovation to socio-technical systems, insights about dynamics and 
change from sociology and institutional theory, Department of Technology Management, Eindhoven University, IPO 
2.10, P.O. Box 513, 5600 MB Eindhoven, The Netherlands, p 900, 910, 911 
 
[13] Frank W Geels, 2004, from sectoral system of innovation to socio-technical systems, insights about dynamics and 
change from sociology and institutional theory, Department of Technology Management, Eindhoven University, IPO 
2.10, P.O. Box 513, 5600 MB Eindhoven, The Netherlands, p 912 
[14] Kurt et. al, 2010, Sustainable Transition of socio-technical systems in a governance perspective, A new agenda for 
sustainability, chapter 5, Roskilde University, Denmark, p 97 
 
[15] Kurt et. al, 2010, Sustainable Transition of socio-technical systems in a governance perspective, A new agenda for 
sustainability, chapter 5, Roskilde University, Denmark, p 95 
 
[16] Frank W Geels, 2004, from sectoral system of innovation to socio-technical systems, insights about dynamics and 
change from sociology and institutional theory, Department of Technology Management, Eindhoven University, IPO 
2.10, P.O. Box 513, 5600 MB Eindhoven, The Netherlands, p914 
 
  
 
 
77 
[17] Kurt et. al, 2010, Sustainable Transition of socio-technical systems in a governance perspective, A new agenda for 
sustainability, chapter 5, Roskilde University, Denmark, p 96 
 
[18] Frank W Geels, 2004, from sectoral system of innovation to socio-technical systems, insights about dynamics and 
change from sociology and institutional theory, Department of Technology Management, Eindhoven University, IPO 
2.10, P.O. Box 513, 5600 MB Eindhoven, The Netherlands, p 913 
 
[19] Frank W Geels, 2004, from sectoral system of innovation to socio-technical systems, insights about dynamics and 
change from sociology and institutional theory, Department of Technology Management, Eindhoven University, IPO 
2.10, P.O. Box 513, 5600 MB Eindhoven, The Netherlands, p915 
 
[20] Hillary Brown, “Toward Zero-Carbon Buildings”,Post Carbon Institute, 2010 
[21] Kirsten Engelund Thomsen, Kim B. Wittchen, EuroACE, “European national strategies to move towards very low 
energy buildings”, SBi 2008 
 
[22]. Af Torben Valdbjørn Rasmussen og Ernst Jan de Place Hansen,”BR08 – det nye bygningsreglement”, 2008,Statens 
Byggeforskningsinstitut, SBi, Aalborg Universitet  
 
[23]  Energistyrelse Forskningsprogram, 2008, bygningsklasse 2020 
 
[24] Solar energy website, 2009, available at: http://www.gstriatum.com/solarenergy/2009/03/how-much-co2-is-saved-
with-solar-energy/ 
 
 
[25] Tyge Kjær,” Energy saving in buildings and certification system”, presentation material on lecture 8, regulation and 
planning of environment,nature and energy course 2012 
 
[26] the European Parliament and of the Council on the energy performance of buildings, “ Directive 2002/91/EC of 16 
December 2002 on the energy performance of buildings and Directive 2010/31/EU of 19 May 2010 on the energy 
performance of buildings  and Delegated Regulation (EU) No 244/2012 of 16 January 2012 supplementing Directive 
2010/31/EU on the energy performance of buildings by establishing a comparative methodology framework for 
calculating cost-optimal levels of minimum energy performance requirements for buildings and building elements ”, EU 
regulation on Energy efficiency in buildings ,Official Journal of the European Union. 
 
[27] The Danish Ministry of Economic and Business Affairs,”Building regulations”, Danish Enterprise and Construction 
Authority,2010 
[28] Requirements for energy framework,http://www.energitjenesten.dk/krav-til-energirammer.html, on web( 5/12/2012) 
 
[29] Byggeriets Evaluerings Center,”Sustainable buildings”,2010 
 
[30] Nordic Ecolabelling of Small houses, apartment buildings and pre-school buildings, Version 2.3,15 December 2009 
– 31 december 2014 
Byggeriets Evaluerings Center,”Sustainable buildings”,2010 
 
[31] Jarek Kurnitski,” Indoor climate in low energy buildings ”, Healthy 
Buildings Conference,2012 
 
[32] Katharina Thullner, “Low-energy buildings in Europe - Standards, criteria and consequences,A study of nine 
European countries”, Avdelningen för installationsteknik 
Institutionen för bygg- och miljöteknologi, Lunds tekniska högskola,#Lunds universitet, 2010 
 
[33] Marsh et al, 2010, Housing and energy in Denmark: past, present, and future challenges, Building research & 
Information, published by Routledge. 
  
 
 
78 
 
[34]  Gram-Hanssen et. al, 2011, Energy efficiency in existing detached housing, Danish experiences with different 
policy instruments, Danish Building Research Institute, Aalborg University 
 
[35] Climate change and innovation in the building sector website, available at: http://www.climatebuildings.dk/egedal-
municipality-agenda21.php 
 
[36] Lavenergihus I praksis, 2008,  Energistyrelsens forskningsprogram Lavenergihus I praksis-eksampler, tjeklister og 
resultter, 
 
 
[37] State of green website, available at: http://www.stateofgreen.com/en/Profiles/Rockwool/Solutions/PassivePlus-
House-in-Stenløse 
 
[38] EU-Concerto project, 2010 Eco building club, Stenløse Syd Development area, EU-concerto project class 1. 
Available at: http://www.ecobuilding-club.net/downloads/D/D%20bruchure_Stenloese%20South_DTI.pdf 
 
[39] Energy flex house official catalogue and measurement webpage 
 
[40]P.K.Olsen1, H. Lambertsen1, R. Hummelshøj1,New Low-Temperature District Heating System for Low-Energy 
Buildings,COWI A/S, Lyngby, Denmark,2008 
 
[41]. Henrik N. Knudsen , Ole M. Jensen , Lars Kristensen, “Occupant satisfaction with new low-energy houses”, 2012, 
Danish Building Research Institute, Aalborg University The green House/Energy Service Denmark 
[42] Tine Steen Larsen,”Overheating and insufficient heating problems in low energy houses up to now call for 
improvements in future”, Rehva journal, 2011 
 
[43] Lucelia Taranto Rodriguesa,1, Mark Gillott b,2, David Tetlowc,”Summer overheating potential in a low-energy 
steel frame house in future climate scenarios” 
 
[44] Nick Hollo, “Warm house,cool house”, 2011, New south publishing 
[45] Interview responsible for energy efficiency and ventilation in the energy flex house,  
2012 
 
[46] The Japan Home and Building Show 2012 website, “The Plus Energy House concept with super-energy efficient 
building materials”,  “http://www.gadelius.com/news/2012/news20121102_e.html”, (on web Dec 2012) 
 
[47]  Passipedia,The Passive House in summer article, http://passipedia.passiv.de/passipedia_en/basics/summer, (on web 
Dec 2012) 
 
[48] Eric Bataille, “Impact of low energy buildings on indoor air quality (IAQ)”,  Rehva journal, 2011 
 
[49] Marsh et.al, 2009, Housing and energy in Denmark; past, present and future challenges, Routledge publisher, 
London, p 103 
 
[50] Olivia, 2011, Behavioral Patterns and User Profiles related to energy consumption for heating 
 
[51] Occupants behavior regarding indoor climate, Rune Vinther Andersen, International Centre for Indoor Environment 
and Energy Department of Civil Engineering, Technical University of Denmark, May 2009, Ph.D. Thesis, p2 
 
  
 
 
79 
[52] Occupants behavior regarding indoor climate, Rune Vinther Andersen, International Centre for Indoor Environment 
and Energy Department of Civil Engineering, Technical University of Denmark, May 2009, Ph.D. Thesis, p9 
 
[53] Occupants behavior regarding indoor climate, Rune Vinther Andersen, International Centre for Indoor Environment 
and Energy Department of Civil Engineering, Technical University of Denmark, May 2009, Ph.D. Thesis, p4 
 
[54] Janson U., Passive houses in Sweden - From design to evaluation of four 
demonstration projects, Report EBD-T--10/12, ISBN 978-91-85147-46- 
5, Lund University, Faculty of Engineering LTH, 2010. 
 
[55] Melissa et.al, 2011, Ventilation and good indoor air quality in low energy homes, Good Homes Alliance , London 
 
[56] Quitzau et.al, 2012, Local niche planning and its strategic implications for implementation of energy-efficient 
technology, Technological forecasting and Social change, p1050 
 
[57] Quitzau et.al, 2012, Local niche planning and its strategic implications for implementation of energy-efficient 
technology, Technological forecasting and Social change, p1052 
 
[58] Quitzau et.al, 2012, Local niche planning and its strategic implications for implementation of energy-efficient 
technology, Technological forecasting and Social change, p 1050-1053 
 
[59] Quitzau et.al, 2010, Managing transition towards energy efficient housing at the local level, EASST 2010 – Track 
37 ‘System Innovation and Transitions to Sustainability, p10 
 
[60] Quitzau et.al, 2010, Managing transition towards energy efficient housing at the local level, EASST 2010 – Track 
37 ‘System Innovation and Transitions to Sustainability, p8 
 
[61] Quitzau et.al, 2012, Local niche planning and its strategic implications for implementation of energy-efficient 
technology, Technological forecasting and Social change, p1055 
 
[62] Quitzau et.al, 2012, Local niche planning and its strategic implications for implementation of energy-efficient 
technology, Technological forecasting and Social change, p1056 
 
[63 ]Quitzau et.al, 2012, Local niche planning and its strategic implications for implementation of energy-efficient 
technology, Technological forecasting and Social change, p1057 
 
[64] Kurt et. al, 2010, Sustainable Transition of socio-technical systems in a governance perspective, A new agenda for 
sustainability, chapter 5, Roskilde University, Denmark, p 105 
 
[65] Marsh et al, 2010, Housing and energy in Denmark: past, present, and future challenges, Building research & 
Information, published by Routledge 
 
 
  
 
 
 
 
 
 
 
 
 
  
 
 
80 
Appendixes  
Appendix A: Interviews and survey 
A.1. Horsens 
Interview questions concerning Vestergade’s Future Building and planning in building sector in Horsen 
municipality: 
1.     What is the motivation for the municipality to develop the future building in Vestergade? 
2.     How many companies involve in this building project? What kind of companies and what are their roles? 
3.     Have you encountered any challenges regarding motivating construction companies to meet the building 
requirements? 
4.     Is Vestegade’s building a pilot project in Denmark? 
5.     What is the timeline different between planning an efficient building and a conventional building? 
6.     What types of technologies have been applied in the building in order to make it more energy efficient? 
7.     What have been done to improve the technologies and avoid existing technical problems in the present energy 
efficient buildings? (Such as indoor climate problems)? 
8.     What kinds of energy sources are planned to be used for the building? 
9.     What is the energy consumption per m2 in the building? 
10.  What is the cost different for constructing 1 m2 of the building in comparison to regular building? 
11.  What is the expected annual cost of energy for a family with 4 people? 
12.  What is your targeted customer for the building? And what have been done to attract this group of customer? 
13.  As we know that behavior of inhabitants can affect energy consumption of building, have you taken this issue into 
consideration when constructing the building? And how the behavior pattern should be included in the low energy 
building? 
14.  How do you expect the smart building to help people to behave and consume energy in a more efficient way? 
15.  Based on what regulations this project was planned and implemented? 
16.  What challenges and opportunities do the current policies in building sector bring to the project? 
17.  Denmark has planed to be free from fossil fuels in 2050, what is your future planning in Horsen’s building sector in 
order to contribute to this target? 
18.  What kind of regulations should be established in order make the energy transition in building sector go faster? 
 
 
 
 
Interview with Lene Krogh- Vestergade Building, Horsens   
1.     As you know one of the common problems of low energy houses in Denmark is poor indoor climate. Are you aware 
of this problem and what have been done to avoid it in the Vestergade building? 
 
Answer:   We think poor indoor climate is a common problem in most new buildings. We use the heat in the 
solar-house in the apartments, we change the air in the apartments with natural ventilation, we have windows and doors 
to open on two sides, we use new and energy-effective windows, we use known and good building-materials, the 
apartments have doors in the kitchen that can open towards the shared spaces, and we have been working with comfort 
simulation testtools to secure best available indoor climate in both apartments and solar house. 
  
2.     It is known in Denmark that low energy buildings normally consume about 20- 30 percent more energy that they 
should. How will the Vestergade building be monitored and controlled to make sure that requirement of the energy class 
1 level is met during its operation? 
 
Answer:   We follow the building, the energy use and the social life closely for a period of two years with 
opportunity to initiate changes in use. We have an apartment that we have access to in this period. The housing 
association is building a traditional building with about 30 apartments in the neighbourhood and we compare the energy 
use and the social life in the two buildings. 
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3.     How much energy proportion from solar panels contributes to the total energy consumption of the building? What is 
reason for using solar panels instead of other energy sources? 
 
Answer: With a production of 30.000 kWh, the solar panels will produce app. 30%of the total consumption. 
  
4.     How many regulations did you have to follow when constructing this building? What are they? 
Answer: All normal regulations considering building in dk. 
  
5.     As we know that the low energy class 1 level will not become obligatory before 2015. However, Vestergade 
building has already utilized this level, what is the motivation for doing that? 
 
Answer:   We want our new building to use as less energy as possible. Both considering the environment and the 
costs. The building is seen to be a role model for future buildings. The experiences from the building shall be used in 
future debates and planning processes. 
  
6.     How many construction companies are involved in this project? Do you know if they countered any challenges in 
meeting the building’s requirement as a low energy building? 
 
Answer:   MT Højgaard won the competitive bidding of this project. They work as “total-entrepreneurs”, have 
their own workers and hire others. 
It is a huge challenge to have apartments that can open out into the solarhouse. The fire regulations have no earlier 
examples of this and it caused a lot of challenges to be realized. 
  
7.     Since the project was funded by a social organization, one issue can be questioned is that if the social aspect was 
considered more important than energy efficiency (That means that sometimes choices are made in favor of social aspect 
instead of energy efficiency)? How much influence do funders have on this project and in other building project of urban 
regeneration in Horsens? 
 
Answer:   The building was developed by The Municipality of Horsens, a Planning firm and an Energy Firm and 
NOT by the housing organization. The social and the energy issues were considered equally important in the way, that 
energy efficiency actually is “paying” the social aspect during lower cost for the inhabitants. 
  
8.     Has energy efficient issue always been embedded in the urban regeneration’s building projects in Horsens? Why or 
why not? 
 
Answer:   Traditionally the urban regeneration in Horsens has been following the regulations for this issue. But 
by restoring the old buildings you put in new windows, change the roof, aso. so in that way you improve the building and 
use less energy. 
 9.     As we know that behavior of inhabitants can affect energy consumption of buildings, and as I can see this issue was 
put into consideration when constructing Vestergade apartments by installation of the tablets to help inhabitants to see 
their monthly energy consumption.  Besides this technology, are there any other methods to raise awareness or to 
regulate the inhabitants’ energy performance toward more energy efficiency? How much of this issue was considered in 
the planning process? 
 
Answer:   The inhabitants can see their Energy consumption everyday, and each month they pay less or more – 
according to their use. The tablet shall be a daily reminder to be aware of the energy consumption. In the common areas 
in the building we want the energy informations of the whole building to be visible. Maybe the inhabitants can compete 
to use less energy. Together they can influence the consumption in the solar house and the other common areas. 
We wish the inhabitants to organize in the building, take action and develop new ideas. 
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A.2. Stenløse 
Interview questions for Stenløse’s low energy house inhabitants 
  
Roskilde University 
Technology and social department 
Fall semester 2012 
  
1. What is your motivation to buy the house? 
  
·      For saving energy 
·      Good design 
·      Convenient to work 
·      Others 
2. What is your and your husband/wife education background? 
  
3. How big are your houses? 
  
4. How much do you have to pay every month for your heat and electricity? 
  
         Heat          
         Electricity          
  
5. Have you experienced any problem with the house since moving in? 
  
·      The house gets too hot in summer 
·      Ventilation system does not effectively work in the wintertime 
·      Noise from ventilation system 
·      Too much light in summertime 
·      Others (please name them)          
  
6. Does living in low energy house effect your energy performance? 
  
·      Yes, We reduce the energy consumption 
·      Yes, We consume more energy than before 
·      No, I am always aware of energy saving 
  
7. How do you rate quality of the air in your house? 
  
·      Very good                   
·      Good                   
·      Poor                   
·      Very poor 
  
8. What is, in your opinion, causing the poor quality of air?                    
                   
9. How often do you open the windows of the house and why?  
·      Very often 
·      Often 
·      Seldom 
·      Never 
  
10. How many degrees are set in the house during wintertime? 
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·      Under 20 degrees                   
·      20 degrees                     
·      Over 20 degrees                              
  
11. Is there anything you expect to change regarding your house to make it better?          
                   
                   
  Thank you so much for your time! 
 
 
 
A.3 . Taastrup 
 
Interview with responsible for Energy Efficiency and ventilation 
Mr.Mikael Grimmig 
1.a. Do you educate people who live in EnergyFlexHouses in order to behave better? 
answer: No - but they are typically interested in energy issues, when they apply for participating) 
1.b.or all the elements are automatically work efficient in a way that the user can not much interfere in the process 
answer: Oh Yes they can, this is why there are major differences in the families energy consumption 
1.c.  For instance if they cannot open the window manually and ventilation is automatic? 
answer: They can open some of the windows – but are typically happy with the very energy efficient mechanical 
ventilation with heat recovery – in the winter season 
 
2.If the inhabitants behavior can affect the consumption , have you ever have a family with an unreasonable energy usage 
pattern which make the energy performance of the building so poor? 
answer: Yes, but it does only influence the el-consumption for housekeeping, TV,  also hot water 
2.b. As i can see in the energy flex house brochure in page 12 there is an image of energy dashboard web page which is 
different from what that can be seen now in a way that in the energy balance box the energy consumption with red color 
seems to exceed the production with green color. Based on your data when was that and what was the reason? 
answer: That is hard to say – but the columns show the production of renewable energy minus the energy consumption 
for each month. The last column shows the last 12 months – red = not energy neutral / green = Energy neutral) It differs 
as You can see with the family ond time of the year – we have had 6 families – so it is hard to tell when. 
 
3. Have you ever have any complaints from residents regarding to have very hot indoor climate in summer or no fresh air 
in winter? 
answer: Only in the first test period, where we had problems with heat from the laboratory many installations and a large 
solar gain – this has been solved including automatic sun screening in the upper floor. 
 
4.  What source do you use to cover the electricity and heat, regarding that, the photovoltaic system does not cover the 
entire electricity consumption? 
 
answer: The building is mainly supplied from PV – the heat is through a heat pump, plus hot water from solar heater. 
 
 
5. What is your current heat production system? Why is that fluctuating? It is mostly zero close to midnight and after? 
answer: heat pump 
 
6. yesterday even it was sunny the photovoltaic production was zero, What was the reason? 
(Probably some technical fault updating the www – site, the PV’s were really performing yesterday) 
 
 
7. In water consumption box, do the two number in below part show the current consumption? What do the number with 
percentage says? 
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answer: the red is hot water / the consumption the present day in liters and in % af “normal” consumption 
 
8. In Solar and heat and total electricity box you have a number for 24 hours what these numbers means? (the 
consumption the last 24 hours) 
  
 
 
Interview with responsible for Energy Efficiency and Ventilation 
Mr. Anders Høj Christensen 
Questions 
1. Do you educate people who live in EnergyFlexHouses in order to behave better or all the elements are automatically 
work efficient in a way that the user can not much interfere in the process, For instance if they cannot open the window 
manually and ventilation is automatic? 
Answer:  Our experience is that, the users must be given as much influence as possible otherwise they do not accept the 
changes 
 
2. If the inhabitants  behavior can affect the consumption , have you ever have a family with an unreasonable energy 
usage pattern which make the energy performance of the building so poor? As i can see in the energy flex house brochure 
in page 12 there is an image of energy dashboard web page which is different from what that can be seen now in a way 
that in the energy balance box the energy consumption with red color seems to exceed the production with green color. 
Based on your data when was that and what was the reason? 
Answer: Until now 5 families have lived in the house, and a 6th is living right now, depending on the composition of the 
family, a factor of 3 is seen in the energy consumption. It is very dependent on the user actions and their behavior. (no 
family has been living in the house from January 2012 until September 2012, that’s why the energy consumption has 
been lower. 
 
 
3. Have you ever have any complaints from residents regarding to have very hot indoor climate in summer or no fresh air 
in winter? 
Answer: We’ve had complaints about overheating in the summer, but not since we expanded our ventilation to include 
natural ventilation. We’ve had no complaints in the winter. 
 
 
4. As the annual energy balance shows there are some surplus energy production in the year average. What type of 
energy is that? Is it electricity or heat? 
Answer: Electricity 
 
5. What do you do with your surplus heat in the summer? 
Answer: I don’t know, that’s not my department 
 
6. What is your current heat production system? Why is that fluctuating? It is mostly zero close to midnight and after. 
Answer: A ground source heat pump. I am not currently involved in the project related to the house, but my guess, is that 
they are experimenting with lowering temperature at night. 
 
7. What source do you use to cover the electricity right now, regarding that, the photovoltaic system does not cover the 
entire electricity consumption ? 
Answer: Photovoltaic, we receive Net electricity and when we have an overproduction, we send it back into the Net 
 
8. How does your forecast system work? The box that shows the current weather seems to be  more accurate than the 
public weather report, do you have your own measurement system? 
Answer: Our current forecast system is based on statistics, but we are working on a new system, receiving data from 
DMI, we have our own weather station 
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9. Your ventilation seems to use an steady amount of energy and do not depend on the outside temperature. How is that 
possible? 
Answer:We are using demand controlled ventilation and are using excess heat from heat pump to heat inlet temperature. 
 
10. In water consumption box, do the two number in below part show the current consumption? What do the number 
with percentage says? 
Answer:  It shows the consumption of the last 24 hours. The percentage shows compared to average consumption. 
 
11. In Solar and heat and total electricity box you have  a number for 24 hours what these numbers means? 
Answer: It shows the consumption the last 24 hours 
 
Appendix B. Building rules and regulations (Denmark and EU) and requirments 
 
Danish 
Rules and regulation regarding the indoor climate in Denmark  
Fresh air have to provide to the building either by mechanical ventilation or natural airflow through the windows opening  
“no less than 0.3 l/s/m2 of heated floor area” and in addition kitchen area must has extra hood to remove the exhausted 
air for the cooking activities. Accession of the air change must be possible “in kitchens, bathrooms, rooms 
containing sanitary conveniences”.(“Extraction of a flow of 20 l/s from kitchens must be possible, and a minimum flow 
of 15 l/s from bathrooms and rooms containing sanitary conveniences. Extraction of a flow of 10 l/s must be possible 
from separate rooms . 
 
"(7.4.2(4)-(8)) In commercial buildings or other buildings with high solar gain, replacement of windows should be 
carried out in the context of a calculation or assessment of the indoor climate, in the interests of avoiding overheating. 
Window replacement can then be combined with, for example, external solar screening or solar control glass." 
“"Removal of indoor air: 
An exhaust duct with a cross section of no less than 200 cm2. 6.3.1.2(4) In domestic buildings other than 
single-family houses with natural ventilation, demand-controlled ventilation may be used provided that air 
changes by this means will be no lower than 0.3 l/s per m².” 
“6.3.1.2(3) In domestic buildings other than single-family houses with natural ventilation, the functional 
requirement in 6.3.1.2(1) applies; in addition,the background air changes in the housing unit must be provided 
by a ventilation installation with heat recovery, forced air supply in habitable rooms and extractors from 
bathrooms, sanitary conveniences, kitchens and utility rooms.” 
“Lighting and overheating 
Workrooms, occupiable rooms in institutions, teaching rooms, dining areas, hereinafter called “workooms 
etc.”,and habitable rooms must have sufficient daylight for the rooms to be well lit. Windows must be made, 
located and, where appropriate, screened such that sunlight through them does not cause overheating in the 
rooms, and such that nuisance from direct solar heat gain is avoided.” 
 
European parliament EPBD(2002) 
 
These requirements shall take account of general indoor climate conditions, in order to avoid possible 
negative effects such as inadequate ventilation, as well as local conditions and the designated function and the 
age of the building. 
3. The methodology shall be laid down taking into consideration at least the following aspects: 
(d) natural and mechanical ventilation which may include air-tightness; 
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“Directive 2012 
22) Delivered energy means energy, expressed per energy carrier, supplied to the technical building system 
through the system boundary, to satisfy the uses taken into account (heating, cooling, ventilation, domestic hot 
water, lighting, appliances, etc.) or to produce electricity; 
(2) Member States shall calculate the energy performance of measures/packages/variants by calculating, for 
the nationally defined floor area, first the energy needed for heating and cooling. Subsequently the delivered 
energy for space heating, cooling, ventilation, domestic hot water and lighting systems is calculated.” 
 
 
Appendix C 
(This is a list of the terms which are used for new generation of building which nowadays are being used to a 
greater extent by architects, city planners, authorities, construction companies etc. 
 1. Low energy building 
2. Passive(very low energy) building 
3. Plus energy building 
4. Green building 
5. Zero energy building 
6. Zero carbon (carbon neutral) building 
Even though there is not any official international  definition for energy efficient houses some countries 
contribute to their national definition and standard by using a different method for their calculation which 
makes it difficult to come up with a kind of comparison of the different definitions. (Katharina Thullner, 
2009) In Europe seven countries developed an official definition with certain requirements. Austria, Czech 
Republic, Denmark, UK, Finland, France, Germany)  
Appendix D. Energy flex house data processing   
In this part we investigate the possibility of possibility and financial  options  to use the same size of 
photovoltaic as the one that installed in Energy flex house  for single houses. The first concern is financing, 
the price for this size and this kind of solar cell is as follows: 
(These are the price lists from the Jydsk Tagteknik company to get an overview of the photovoltaic prices in 
Denmark. The prices are for Solar Watt M220 solar cells Deluxe black - SOLAR WATT M220 - 60 GET AK, 
240 WP panels, and Uniform black mono-crystalline high-efficiency solar cells with black aluminum frames 
  
 
 
87 
and the black spaces between cells)
 
 
 
The two marked solar cell together have a size of 60 m2  which  is close to the  size of the photovoltaic 
installed in the Energy Flex Houses ( 59 m2).  So here the annual production  of these two products is 
3631+4610=8241 kw per year and 22.6 per day 
But this  is less than what is documented for the Energy Flex Houses (9,600 kWh/yr). even though the price 
for a panel of 27m2   and one with area of 33 m2 and a total  60 m2 is 
35000+115000=2500000 Danish kroner 
 
Financing options 
We tried to investigate the possibility for financing this amount of money. 
We contacted two of the biggest and most commonly used banks in Denmark,  Danske Bank and   Nordea  
and also a financing firm called  GE Money Bank 
First we contacted GE money bank; they did not have any special offers for green energy installations, but 
they were offering a private loan, and  the maximum amount that could be borrowed was  200,000 DKK. So 
the installation in our case cannot be entirely financed by GE Money Bank. 
 
So we contacted Nordea Bank and asked if they had a special offer for financing the installation of solar 
systems. They did not have any special offer for green energy installations. The option is to apply for a 
general private loan and they referred us to their website with general information about cost and annual 
interest of these kind of loan. 
In our contact with Danske Bank the situation was the same: no special offer for green energy sources 
installation but we could find more specific financing offers in their website regarding a private loan. The 
maximum payback length for a loan is 10 years. 
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Fig.. The term and condition for a private loan offered by Dansk bank for 250,000 DKK 
 
With a variable yearly interest there will be a monthly payments of around 3362 to 4478 Danish kroner to pay 
back for the solar cell, and the expected approximate production will be of 22.5 kw/day. 
Table.. Here is some data of photovoltaic electricity production in Energy Flex Houses . This is the daily 
energy production in November  and December 2012. 
 
Photovoltaic production data in November in energy flex house 
Date 9 10 11 12 13 14 15 16 17 18 19 20 
kw/ 
day 
4.1 7 6.8 20 4.2 0.6 2.9 1.6 2 1.
1 
31 5 
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20 21 22 2
3 
24 2
5 
26 27 28 29 30 
5 7 15 1
0 
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--
- 
---
--- 
---
--- 
0.2 1.6 1.2 
 
 
Photovoltaic production data in December in energy flex house 
Date 1 2 3 4 5 6 7 8 9 10 
kw/day .
.
.
. 
0 0 0 0 0 0 0 0 0 
 
Our collected data shows that in November and December the photovoltaic is far beyond the expected 
production.(what about other months) 
In order  to have this size of solar cell, the  two families  have to pay   1681 to 2239 DKK each per month just  
to pay back the solar cell, and  according to our collected data they cannot even have the expected production 
particularly in the cold season 
 
The question is to what extent  the photovoltaic  technology  can be a future source of energy in DenmarkThe 
claim is that the Energy Flex House is energy neutral but the argument is if we can really have an energy 
neutral building in Denmark.  It is true that if we can use free sources like the sun we can produce the 
consumed energy inside the house, but the question is how much energy was consumed to produce the devices 
that captured this free source and how much a consumer has to pay in order to use this free source. 
This concept known as Energy returned on energy investment.
 
 
 
